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FOREWORD 
The involvement of engineers, particularly chemical engineers, in 
the field of ecology can be justified by the unique combination of skills 
they possess. Training in mathematical modeling, system analysis, 
advanced computational methods, thermodynamics; transport phenomena, 
process dynamics and control, and chemistry enable the chemical engineer 
to tackle problems in a successful fashion in this relatively new field. 
Such efforts are interdisciplinary by nature and therefore require 
the engineer to possess special communicative skills in order to be 
understood as well as to understand. This dissertation has been under­
taken with an effort to develop and utilize these skills for the 
benefit of society, and the professionals in other disciplines. 
iv 
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ABSTRACT 
The main objective of this research was to develop a regional 
analysis for the Barataria Bay region of coastal Louisiana. Economic, 
ecological, and other models of the region were combined with an 
optimization procedure to evaluate the optimal regional income. The 
economic model included the income from the landing of four comrnercial?---
ly important species: shrimp, menhaden, oyster, and blue crab; the 
income from the processed crab and shrimp products; and the net income 
from the expenditure of recreators visiting for sport fishing, 
pleasure boating, water skiing, and beach swimming. The ecological 
model was a biological energy flow model which included the inters­
ections among 38 biological species of the region and was based on the 
first and second laws of thermodynamics. The biological energy flow 
model was the key to the analysis and included the best available 
scientific understanding of the ecological system. The other models 
included the fisheries-industry model and the recreation model. The 
fisheries-industry model included the pattern of consumption of crab 
and shrimp for various processing products categories, and the re­
creation model included the number of visitors coming for various 
recreational activities as constrained by the area suitable for this 
activity. The regional model, a combination of biological energy 
flow, fisheries-industry, and recreation models, was optimized using 
the economic model and linear programming. The optimal values were 
obtained for energy flows, for consumption of crab and shrimp, and for 
the number of recreators for the existing facilities. 
The results gave the maximum productivity (income) of the region. 
The estimated increase in income was more than 40 percent over the 
xvi 
present conditions in the region. The overall regional income could 
be $346 per acre per year as compared^ with the base case value of 
$247 per acre per year. If the optimal energy flow pattern is ob­
tained, the income from the landings of oyster and menhaden could be 
increased by 50 percent, the income from the processed products of crab 
and shrimp could be increased by 54 percent, and the net income to the 
region from the expenditure of the recreators could be increased only 
by 29 percent. The potential for obtaining the optimal pattern of 
biological energy flows would require the use of techniques such as use 
of selective fertilizers, control of salinity, and distribution of 
organic-rich wastes. 
A sensitivity analysis was also performed to evaluate the changes 
in the optimal criteria due to the effects of variations in the 
landings of commercially important species, in the consumption of crab 
and shrimp by processing industries, and in the land and water area 
suitable for recreation. Results were obtained for variations in the 
commercially important activities with the changes in landings in 
oyster and menhaden, in consumption of crab and shrimp by its pro­
cessing industries, and in the area for recreation. Similarly, results 
were obtained for variations in the dockside price of oyster and 
menhaden, price of processed products of crab and shrimp, and the net 
income of the region from the expenditure of various recreators exam­
ining the trends in landings, processing, and in recreational acti­
vities due to these economic fluctuations. 
Analysis of variations in the area of marsh and water was 
studied to examine the effects on the biological energy flows and 
consequently on the production of commercially important species. 
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The total production of these species would increase by about six 
percent with an increase in water area from 43 to 75 percent of the 
total area of 331,000 acres. This total production would increase 
to 1230 pounds per acre per year from a base case value of 1160 
pounds per acre per year. In case of catastrophic destruction of 
marsh grass, the landings of these species would decrease in the range 
from 20 to 45 percent. Consequently, the regional income would de­
crease by 31 percent from $89 to $61 per acre per year. 
An analysis was performed to evaluate the effect of distributing 
organic-rich wastes in dissolved and particulate form for increased 
estuarine productivity. The total annual production of commercially 
important species could potentially be increased by 12 percent to 
1295 pounds per acre per year if 0.4 tons per acre per year of dis­
solved organics are to be distributed in the estuarine area. This 
increase was 8.6 percent when the same amount of particulate organics 
are distributed. For each case, the estimated potential additional 
economic benefit was about $3 million per year for the Barataria Bay 
region. 
In the simulation model, the combined effects of temperature and 
salinity on commercial shrimp production were analyzed using the tech­
nique of system simulation. The production and the catch of shrimp 
were simulated as effected by variations in temperature and salinity 
encountered in the year 1970. The simulation model predicted the 
landings of shrimp within the accuracy of the data, and the value of 
69.5 pounds per acre per year from the system simulation was only about 
nine percent higher than actual value of 63.7 pounds per acre per year. 
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The results of these analyses were compared with previous works of 
Isard et. al. and Gosselink et. al. In this study the economic value of 
coastal marsh region was computed to be $247 per acre per year for 
fisheries and recreation while Gosselink et. al. reported the value 
at $133 per acre per year for this region which Included an estimation 
of the value for fisheries in Louisiana and recreation in Georgia Marsh 
area. The main reason for this difference was that a value of recrea­
tion in the Georgia marsh was used which was 33 percent lower thanv,the 
value determined in this study. Neither of the studies included the 
combined economic and ecological systems in the regional analysis nor 
did they apply an optimization procedure. 
Both linear programming and system simulation, have their advan­
tages and disadvantages. In linear programming a very large, but 
linear model can be used. In system simulation non-linear and 
stochastic regional models can be employed. More research in applying 
these techniques must be done before the superiority of one of these 
techniques is established. 
Computer programs used in all the analyses are in a form that can 
be readily used by engineers and scientists for studies in coastal zone 
management. Instructions for using these programs are Included for 
ease in their applications. 
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CHAPTER I 
INTRODUCTION AND BACKGROUND 
In the last few years, there has been increasing interest in the 
application of optimization techniques to improve the functioning of 
natural systems because of the rising interest in the subjects of ecology 
and natural resources. The other reason for the increased interest in 
these topics is due to the roan's important role in developing and uti­
lizing resources of the biosphere'for human welfare. The interest is 
further boosted as the human populations continue to increase exponential­
ly, imposing greater stresses on the 'limited' world's resources 
(Ref. 1.1). The following discussion introduces the natural systems in 
general, and is followed by a review of the specific characteristics of 
the estuaries and its components such as fisheries and recreational 
activities. This chapter is concluded with the statement of the purpose 
of this dissertation and its objectives. 
Natural Systems 
Generally, natural systems are complicated and problems associated 
with these are essentially ecological or ecosystem problems. Actually, 
an ecosystem is a complex of organisms in an environment forming a 
functionary whole in nature. Ecosystems are studied under the science 
named ecology which is usually defined as the study of the relation of 
organisms or groups of organisms to their environment. Because ecology 
is concerned especially with the biology of groups of organisms and with 
functional processes on land, in the ocean, and in fresh waters, it is 
appropriate to define .ecology more broadly as the study of the structure 
and function of natural systems (Ref. 1.2). 
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Most ecological communities are made up of a vast profusion of 
living things, Whittaker (Ref. 1.3) describes a system as an ecosystem 
when a community and its environment are treated together as a functional 
system of complementary relationships with the transfer and circulation 
of energy and matter. The illustration of the complimentary relation­
ship can be seen in the climate and soil as an environment and the 
community. The climate and soil affect the community and the community 
affects the soil and its internal climate or microclimate. The transfer 
and circulation of energy and matter are the important features of an 
ecosystem. These energy and matter are taken from the environment to 
run the community's living function and form its substance. They 
(energy and matter) are transferred from one organism to another in 
the community and released back to the environment. Thus these com­
munities could be of different types, but in each case the community 
has a closed-linked, interacting relation to the environment. This 
interacting relation between the community and the environment is an 
ecosystem. 
Consider another example, the plankton, an almost invisible com­
munity of microorganisms, is a community of green plants. Animals 
feeding on these green plants and predatory animals feeding on other 
animals, bacteria, and fungi are the part of the biological system. 
The microorganisms are suspended in the water and carried passively by 
currents. These organisms and animals are in intimate chemical relation 
to the water as materials circulate from water through the organisms 
and back to water. Thus the biological system with an aquatic or a 
marine environment is an ecosystem. 
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A forest is another example of a different ecosystem. A forest Is 
a natural community, an assemblage of population of plants, animals, 
bacteria, and fungi that live in an environment and interact with another 
forming together a distinctive living system with its own composition, 
structure, environmental relation, development and function. Thus the 
functions and behaviors of different ecosystems in general are not alike. 
This characteristic of different ecosystems could be summarized as 
Pielou (Ref. 1.4) stated, "no two of the individual units making up a 
community (in an ecosystem) are alike and that each of them, throughout 
its lifetime, varies continuously in a manner peculiar to itself." 
The coastal zone is an unique and one of the most important eco­
systems, and uncontrolled expansion in the coastal zone threatens its 
vast potential. Coastal salt marshes and estuaries are typical compo­
nents of the coastal zone. These coastal salt marshes are unique eco­
systems that represent a transition between the terrestrial and marine 
habitats. These shallow water marsh systems usually exhibit a low 
diversity with high number or organisms. Therefore, improved planning 
and management of these regions are necessary, and this requires an ex­
tremely careful analysis of the system. Also, the allocation of the 
land and the water for multiple use is intimately coupled to social 
and regional interests and problems. The following discussion analyzes 
the factors involved in the estuarine ecosystem. 
Estuaries 
An estuary can be defined as "a semi-enclosed coastal body of water 
which has a free connection with the open sea and within which seawater 
is measurably diluted with fresh water derived from land drainage" 
(Ref. 1.5). As shown in Figure 1.1, Arnason (Ref. 1.6) presented a 
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Figure 1-1 Schematic Representation of an Estuary and its Dynamic Processes 
(from: Arnason, G., "Estuarine Modeling", Man's Impact on Terrestrial and 
Oceanic Ecosystems, Eds. Matthews, W. H., F. E. Smith, and E. D. Goldberg, 
The MIT Press, Cambridge, Massachusetts, p. 430, 1971). 
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schematic view of an estuary and its dynamic processes. According to 
Arnason, the main characteristics of an estuary, In simple terms, are 
a freshwater river at one end and a free connection with the open sea 
at the other which allows the ocean-generated tidal motion to enter the 
estuary and saltwater to intrude. So the estuaries are, collectively, 
of singular importance. As Ward and Espey (Ref. 1.7) described, es­
tuaries connect the nutrient-rich water-poor land and the water-rich, 
nutrient-poor ocean, making itself both a nutrient-rich and water-rich 
environment. This type of unique environment makes estuaries highly 
productive, constituting the prime habitat for a myriad of species, and 
the nursery and spawning area for many more. This hypothesis about es-
tuarine productivity is further supported by Odum (Ref. 1.8) who first 
qualitatively compared the general orders of magnitude of gross primary 
1 
productivity*" in terms of dry weight of organic matters fixed annually, 
among three major groups. The first group included the deserts and deep 
oceans, second group was made up of grasslands, forests, entrophic lakes, 
and ordinary agriculture, and the third group included estuaries, 
deltas, coral reefs, and intensive agriculture such as sugar cane and 
rice. Odum (Ref. 1.8) quantified this productivity which is comparable 
with the results shown by Whittaker (Ref. 1.3) who has listed the net 
Gross primary productivity is the total rate of photosynthesis, 
including the organic matter used up in respiration during the measure­
ment period. Thus this is the total energy bound, or organic matter 
created, by green plants per unit surface and time. 
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primary productivity of various areas on the earth. These values of 
net primary productivity of various areas on the earth is presented in 
Table 1-1. Thus estuaries and adjacent alluvial plains are among the 
most naturally fertile areas of the world, and it is among the most 
fertile ecosystems supporting the renewable natural resources such as 
fisheries. As discussed earlier the reason for this high fertility 
is the interaction of marsh and water. In the estuary, nutrients are 
recycled, and large quantities of organic materials are produced without 
assistance from man. 
Besides their biological significance, however, estuaries are of 
specific importance to the human race because man used these water in a 
variety of ways, some of which are compatible and others are in conflict. 
Estuaries are semienclosed and open to sea, and therefore, they provide 
natural harbors. They are effective r.utrient traps, and therefore, are 
rich in food. They connect the oceans and the inland rivers so that 
they are natural transportation centers, and they are sink permitting 
disposal of great quantities of waste (Ref. 1.7, 1.9, 1.10). The 
further significance of estuaries was realized by their use in the 
development of new populations and cultures which is illustrated by the 
history of exploration, colonization, and settlement of the coasts of 
2 
Net primary productivity is the rate of storage of organic matter 
in plant tissues in excess of the respiratory utilization by the plants 
during the period of measurement. Thus this is the amount of energy 
bound, or organic matter created, per unit surface and time, that is 
left after the respiration of these plants. This net productivity is 
the amount available for harvest by man or other animals. 
TABLE 1-1 






Per Unit Area 
dry gm/m2/yr 
mean Normal Ranee 
Lake and stream 2 500 100-1500 
Swamp and marsh 2 2000 800-•4000 
Tropical forest 20 2000 1000-•5000 
Temperate forest 18 1300 600-3000 
Boreal' forest 12 800 400-•2000 
Woodland and shrubland 7 600 200-•1200 
Savanna 15 700 200-•2000 
Temperate grassland 9 500 150-•1500 
Tundra and alpine 8 140 10-•400 
Desert scrub 18 70 10-•250 
Extreme desert, rock and ice 24 3 0-•10 
Agricultural land 14 650 100-•4000 
Total land 149 730 
Open ocean 332 125 -400 
Continental shelf 27 350 200--600 
Attached algae and estuaries 2 2000 500--4000 
Total ocean 361 155 
Total for earth 510 320 
(From: Whittaker, R.H., "Communities and Ecosystems," The Macmillan 
Company, N.Y., Table 4.2, p. 83, 1971). 
the North American continent. Actually one third of the population of 
the United States lives and works close to estuaries (Ref. 1.10) and if 
you include the borders of the Great Lakes, more than half of the pop­
ulation lives in the coastal states (Ref. 1.9). 
The enormous expansion in industrial activity, production and use 
of power, diversity of manufactured materials, transportation, fishing 
intensity, and human population during the last century have all placed 
div.erse and increasing pressures on these estuarine waters. They all 
effect the processes of the estuaries and their capacity for future 
use. Odum (Ref. 1.8) has suggested that estuarine fertility is already 
high enough so the management must place emphasis on utilization rather 
than on production. The main estuarine components such as water, marsh, 
and the surrounding coastal land, are the resources for economic op­
portunities, food, and recreation centers. The important economic 
sectors in the coastal zone are fisheries, recreation, petroleum, 
and other marine-oriented industries. As a specific example, the es­
tuaries play a vital role in the economy of the State of Louisiana. 
Van Lopik (Ref. 1.11) reported that 45 percent of the state consists of 
coastal and flood plain wetlands-areas. These areas contain more than 
75 percent of the Louisiana's population and 80 percent of its manu­
facturing capability. He further stated that annual statewide oil and 
gas production of Louisiana has been valued at $3.5 billion; sulphur, 
$140 million; and salt, $50 million. Most of these productions came 
from offshore, coastal and floodplain areas. These extractive industries 
provide approximately 50 percent of the total state tax revenues. 
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So far, the biological and economic importance of an estuary has 
been discussed. The following subsections specifically discuss the 
estuarine economic sectors ouch as fisheries, recreation, petroleum, 
and other marine-oriented industries. 
Fisheries: Fishing is one of the most important commercial as well 
as recreational water activities. The impacts of the fisheries on the 
economy and the social life of the United States are documented in 
depth by Spangler (Ref. 1.12). He reported that the U.S. demand for 
fishery products increased by 84 percent between 1955 and 1968. By 1980, 
the projected U.S. consumption is 15.5 billion pounds and the projected 
U.S. harvest is 9.1 billion pounds. It is expected that a combination 
of technological advances and institutional measures supported by state 
and federal governments will contribute to a rejuvenation of the U.S. 
fishing industry. 
Louisiana contains more than five million acres of coastal marshes, 
swamps, and estuaries. More than 2 million of these acres are considered 
to be important habitat areas for fish and wildlife. Actually, Louisiana 
ranks first among all states in area of important estuarine habitat. 
Thus fishing is a very important component of the Louisiana economy. 
With the exception of oil and gas, fishing is the largest industry in 
Louisiana, often producing more than 1 billion pounds of commercial 
marine species of value between $100 to $150 million (Ref. 1.13). Of 
1,655 million pounds of marine species caught in the Gulf region, 
1,013 million pounds were offloaded in Louisiana alone. In terms of 
dollar value, Louisiana's share was $56.2 million of the $152.5 million 
in the 1969 Gulf catch, and this was third among all states. In 1970, 
Louisiana landings were 1,084 million pounds, valued at $61 million. 
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These figures show a gain of seven percent in volume and nine percent in 
value over the 1969 data (Ref. 1.14). Barataria Bay is one of. the most 
productive areas in the state. From 1963 to i967, this area supplied 
over 44 percent of Louisiana's annual commercial production (Ref. 1.15). 
Barataria Bay also serves as the nursery grounds for young shrimp and 
menhaden before these species move out into the deeper Gulf waters. 
Recreation: Unlike many industries, the outdoor recreation in­
dustry's short run economic interest often call for the preservation 
rather than the exploitation of natural resources. According to the 
1962 analysis of American outdoor recreation activities, the Outdoor 
Recreation Resources Review Commission (Ref. 1.16) found that water-based 
activities of all kinds, from swimming and fishing to skin diving, 
ranked very high. Louisiana is widely recognized as a great hunting and 
sports-fishing state. The estimated recreational shoreline in Louisiana 
exceeds 1,000 miles. Van Lopik (Ref. 1.13) gave the expected growth of 
selected coastal recreational activities in terms of participants be­
tween 1964 and 1975 for swimming, surfing,, skin diving, pleasure-boating, 
sport-fishing, and national park and forest recreation. Louisiana 
Business Review (Ref. 1.17) publishes monthly data on the number of 
visitors to selected tourist attractions in Louisiana. The trend of the 
tourist traffic-reaches its peak value on the average of 79,000 persons 
per month, during the summer season - i.e., from May to August. 
Marine-Oriented Industries; These industries Include all the 
marine-oriented activities such as fish processing industries, boating 
and other water-based commercial as well as recreational activities, 
transportation activities by barges and ships, and urban development 
such as boat building, i.e. ship yards. In 1966, Louisiana had more 
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ocean-related industries (1,533) than any other state end ranked third 
in total employment (37,000) in those industries (Ref. 1.13). The value 
of canned fishery production in Louisiana in 1970 was $26.5 million. 
The value of Louisiana's industrial fishery production was $30.1 million, 
30 percent of the national total in 1970. Louisiana's large scale in­
dustrial fishery activity is primarily attributable to the menhaden catch, 
which is the chief industrial fish of the nation. Louisiana is by far 
the largest in the nation, supplying 55 percent of the total domestic 
supply of these useful and valuable fish (Ref. 1.14). 
Petroleum Industry. The petroleum industry is very important from 
an economic as well as ecological point of view. Estimated value of off­
shore production of crude oil and gas from submerged lands in Louisiana 
reached about $1.0 billion by 1966. In 1967, statewide oil and gas pro­
duction was estimated at $3.5 billion (Ref. 1.13). The petroleum in­
dustry competes for the same land required by other marine-oriented in­
dustries and for the same water needed by commercial fisheries. Conse­
quently, multiple use of land should be carefully examined for the max­
imum beneficial utilization of the region. 
Thus the wetlands of Louisiana are unequaled in mineral and biolo­
gical productivity. The importance of these wetlands to the state proves 
the reason for the ijiHitBgement guidelines for their preservation and 
economic development. The total analysis of ecological conservation arid 
economic expansion related to the region would provide the foundation 
for the regional management. In the following section, this regional 
analysis has been introduced as a traditional method of economic analy­
sis. The method is extended to include the importance of the ecological 
factors in the analysis. The discussion is concluded with the particular 
outline of analysis applied to Baratsris Bay region of coastal Louisiana 
Method of Analysis: Regional Analysis 
A regional analysis is traditionally used for the study of the 
operation of the economy of a region and the complex interrelations 
between various components within the region. If there is interest in 
selecting industries which might reasonably be promoted in the region, 
then the input structures of these Industries and the local markets 
for their products must be studied. Furthermore, the effects of new 
industries on the operations of existing industries in the region and 
on the economic structure of the region as a whole should be evaluated. 
Also it is necessary to examine other important factors such as govern­
mental plans for a new facility or plant, the potential impact of a 
new development, the public demand, and the governmental services for 
the region. Consequently, a relatively comprehensive description of a 
region's economy is required for the traditional regional analysis 
(Ref. 1.18, 1.19). 
The input-output approach of regional analysis provides a compre­
hensive quantitative description of a region's economy. The approach 
presents, for example, the details of the production and distribution 
characteristics of the industries within the region. It further depict 
the nature of the various interrelations among the industrial sectors 
as well as those between the industrial sectors and the other economic 
components of the region. 
One of the major values of this kind of regional analysis is that 
it permits one to obtain a consistent and relatively accurate picture 
of an economy and its interdependences at a specific point in time. 
The second major value of the regional input-output approach is that 
when combined with other sets of data, analyses and models, its permits 
one to make relatively consistent projections about pressing problems ... 
of the future. 
It is necessary to include the ecological system in the input-
output analysis. As described earlier, an ecological system, or an eco­
system, is divided into two main components: living organisms and their 
nonliving environment. These two components are inseparably related, 
and they interact with each other to produce an exchange of materials 
between living and nonliving states. The living organisms include the 
various elements such as green plants, herbivores, and carnivores. The 
nonliving environment includes elements such as nutrients, climate and 
hydrology. All of these elements are also, in turn, functionally inter­
related. These functional interrelationships among the elements can be 
described quantitatively in comprehensive fashion. The resultant inter­
relationships then can be used to construct an ecological-economic 
framework similar to the input-output framework already described for 
the regional economy. The ecological-economic factors of the region in­
clude biological energy flow and food web of the ecosystem, the fisheries, 
recreation, marine-oriented industries, and the petroleum and other 
manufacturing industries. 
The main purpose of this dissertation is to apply the regional 
analysis methodology to the Barataria Bay system enveloping the economic 
activities and the ecological environment. The Barataria Bay region is 
located at the south-east section of state of Louisiana and is shown in 
Figure 1-2. A system analysis diagram for Barataria Bay in Figure 1-3 
shows the regional analysis approach. Various models are developed under 
three categories to help in the analysis of the region. The basic 
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Figure 1-2 Map of the Barataria Bay Region, Louisiana 
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Figure 1-3 System Analysis Diagram for Barataria Bay, Louisiana 
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biological and economic data are supplied by the data management 
system. The functional relationships of an abiotic environment are 
analyzed under the transport phenomena category; those of living or­
ganisms are studied under the category of biological models. The 
economic models are developed on the basis of the obiectives of regional 
development planning. These analyses and models are used to quantify 
the interrelationships among and between the ecological and economic 
elements of the regional system. These quantitative interrelationships 
are then used to construct the input-output framework for the region 
as described earlier. In addition, the constraints are developed to 
satisfy biological and physical conditions such as the upper and lower 
limits of the species population, the temperature and salinity levels 
of the water, and multiple land use. This ecological framework to­
gether with the constraints is used in the analysis to establish the 
optimum criteria for suggesting the best use of the natural resources 
of the region (Ref. 1.20). 
Linear programming is the technique used to analyze the regional 
model and ultimately to reach optimum criteria. This optimum criteria 
should be used finally as a guideline for decision-making by the 
management for the development of the region. 
Summary 
This chapter reviewed the natural system in general, estuaries 
and its various biological and economic components, and the method of 
analysis, regional analysis, which is useful to evaluate the importance 
of the estuarine ecosystem. This is an excellent example of the 
practical applications of engineering techniques such as optimization 
(linear programming) applied to the multipurpose aspects (ecological 
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and economic factors) of the region. The next chapter will review the 
literature pertinent to the specific models such as input-output analysis 
applied to ecosystems, and modeling of recreational activities. Then 
the details of the modeling will be presented followed by the results 
and discussion of those developed models. After that an alternate 
method, the system simulation, will be introduced. The shrimp pro­
ductivity in Barataria Bay will be simulated as an illustrative study to 
introduce the simulation methodology to analyze the ecosystem. The 
suggestion to expand this model will be discussed. The dissertation 
will be concluded with conclusions and recommendations for the 
implementation of this analysis and for carrying out further research 
in this area. 
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CHAPTER II 
LITERATURE REVIEW 
This chapter reviews the various works pertinent to the compart-
mental models with the particular emphasis on the regional analysis, 
biological energy flows, water-oriented recreational activities such as 
sport fishing, swimming, camping and pleasure boating, and government 
services. First the various aspects of regional analysis are reviewed 
followed by the details of the biological energy flow model and its role 
in the regional analysis. Then recreational activities are discussed. 
The ecological and economic aspects of the effect of recreational 
activities on the coastal zone development is reviewed followed by the 
discussion of the economic impacts of petroleum industry, other marine-
oriented industries, and fisheries on the coastal zone (marine produc­
tivity) . At the end of this chapter a summary is presented of the 
contribution this research will make as compared to previous works in 
this area of analysis. 
Regional Analysis 
The concept of regional analysis has been introduced in the previous 
chapter. Regional analysis is one of the most important tools used in 
planning of future developments of a region. With this approach histor­
ical data are used to project future supplies and needs of the region. 
Isard (Ref. 2.1, 2.2, 2.3, 2.4, 2.5 2.6) has extensively applied these 
techniques for the development of the Philadelphia region. He intro­
duced the methodology (Ref. 2.1) discussing various aspects of the 
regional problems including population projection, migration estimation 
and social accounting, industrial location analysis, supply and demand 
analysis, and other related economic problems. Isard used input-output 
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(I-O) analysis as one of the basic tools for the analysis. 1-0 is a 
special technique for measuring the interrelationships of various 
sectors of the economy. This special technique measures the purchases 
(inputs) made by each sector from all other sectors and, at the same 
time, determines the sales (outputs) of each sector to all other sectors 
Since the inputs of one sector are the sales of another, I-O reflects 
the way the economy is tied or interlaced together, showing the inter­
relationships between industries, households, government, investors, 
and foreign trade (Ref. 2.7). 
Isard and Langford (Ref. 2.2) gave detailed discussions of the 
steps involved in the regional analysis as applied to the Philadelphia 
region. Subsequently, Isard and Czamanski (Ref. 2.5) suggested that the 
I-O technique be used to study a model for the projection of regional 
industrial structure, land use patterns, and conversion potentialities. 
They presented a qualitative model to evaluate the impacts of govern­
ment policy, particularly those relating to changes in the level and ~ 
composition of military expenditures, NASA programs, and other major 
federal activities. 
Isard (Ref. 2.3) in his other work suggested linking ecological 
systems to the economic system, thus enlarging the main aspect of region 
al analysis to represent real world complexities. He presented a con­
ceptual framework to use this extension and gave the I-O type tables 
for codfish production of plankton, and related production activities. 
Also, he introduced the ideology for multiregional analysis which 
includes economic, ecological, and social aspects of land, air, and 
water (marine) activities (Ref. 2.3, 2.4). Isard and others (Ref. 2.4) 
converted biological energy flow data of ecological systems, so that 
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those data could be used in 1-0 analysis. They discussed the data of 
the winter flounder production activities and recreational sport fishing 
activities. They also analyzed a hypothetical case and applied this 
method to the Plymouth Bay region for multiregional activities. 
Isard et. al. (Ref. 2.6) in their other work, discussed the various 
aspects of economic-ecological analysis. They analyzed the economic 
importance of the natural systems such as ecological systems, thereby 
introducing combined analysis for the economic-ecological data. They 
gave detailed quantitative analysis of various ecological systems such 
as the system of winter flounder production, codfish production, shell­
fish production, phytoplankton - zooplankton production, the phosphorous 
cycle, and the flow of phosphorous through a mussel population. They 
gave 1-0 tables for some of the above systems ae well as presented the 
general interrelations table for the combined ecologic-economic analysis. 
They also discussed the details of the case study of Plymouth-Kingston-
Duxbury Bay for this combined analysis. In this case study, they in­
cluded the selection of marina site based on their estimated demand; 
various aspects of recreational activities based on the estimated supply 
and demand; capital costs of the marina complex, and the plans for the 
land-water uses. They also analyzed the various alternatives for the 
function of the whole system. After this study they specifically 
recommended the construction of a new marina of 400 boat capacity. 
In other studies, Raphael (Ref. 2.8) analyzed the regional economy 
using 1-0 analysis. He used this model to analyze the effects of air 
pollution, water supply and demand, and water quality on regional 
economy. Raphael modeled the Clinton County area of Pennsylvania. He 
also constructed a similar model for the Pennsylvania State University 
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for controlling the operations of the university. He specifically 
studied the changes in the university operations and management de­
cision making policy by simulating alternative courses of action. 
Gols (Ref. 2.9) also applied 1-0 analysis technique to the activi­
ties of the forest products industry. He discussed two subgroups, lumber 
and wood products, and paper products. He used the model for forecasting 
the future growth of the demand and supply of these products. He pre­
sented some typical samples of 1-0 model printout figures on the paper 
industry. He used 1963 and 1969 data as historical data and forecasted 
values for 1975 and 1980. He also carried out sensitivity tests and 
concluded as chemicals slightly sensitive, paper products more sensitive, 
and durable equipment most sensitive to fluctuations in personal income 
and equipment investment. 
Very similar to Isard's later work, Laurent and Hlte (Ref. 2.10) 
considered the effect of economic development on the natural environment 
for the Charleston metropolitan area. They used 1-0 analysis to study 
the expansion of regional planning for that area. They developed en­
vironmental-income multipliers from the 1-0 model, to show the direct 
and indirect environmental linkages per dollar of local pecuniary in­
come generated by the various sectors. They also use this model to see 
the particular effect on the region's environmental quality in the 
future. They gave a comprehensive literature review of 1-0 techniques. 
Thus most of the works in the area of regional analysis forecast 
the demand of any particular region and suggest the required useful 
growth of the industrial activities in that region to meet the increas­
ing demand. In his recent work in which Isard (Ref. 2.6) quantified 
the concept of combined ecologic-economic model for the analysis, he 
described five techniques as major tools for economic and regional 
science analysis. Those five techniques are the comparative cost ap­
proach, the 1-0 technique, industrial complex analysis, gravity model, 
and linear programming. Isard showed the use of four techniques and did 
not apply linear programming saying that he did not have occasion to use 
it for the application purposes. 
In general, the technical approach to the regional analysis includes 
a framework development and multiregional interlinkages, and these are 
summarized below. 
Multi-Regional Interlinkage: Considering only ecological and eco­
nomic factors, one can say that ecological activities are inputs to the 
economic system and vice versa (Ref. 2.3). For example, an economic 
system can be defined in terms of economic activities such as agricul­
ture, textile and petroleum industries, and economic commodities such as 
wheat, cloth and crude oil. An ecological system can be made up of 
ecological activities such as the production of plankton, detritus, and 
shrimp, and ecological commodities such as plankton, detritus, and 
shrimp. Now consider an effluent from an industry being discharged In a 
marsh area. If this effluent provides nutrients which can be useful in 
the production of biological species of the ecosystem, then these 
nutrients act as "imports" to the ecosystem. At the same time, the 
shrimp caught becomes the export from the ecosystem; and since the sale 
of shrimp will bring money into the economic system, the shrimp becomes 
an import to the economic system. This kind of interlinkage can be 
developed among any two or more systems if they are related by their 
activities and commodities as exports and imports to one another. 
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Framework Development: The multi-regional analysis first requires 
the selection of an isolated region. Then the various economic and eco­
logical systems are selected. The activities and commodities in each of 
these systems are listed and then their import-export data are collected 
and tabulated. The activities are.tabulated as sectors in columns, and 
they are the unit-purchasing bodies. Commodities are tabulated in rows 
and they are the unit-producing bodies. These data are converted into 
constant production coefficients, and then these coefficients are used to 
project the future needs and to predict the consequent development of the 
region. 
Reliability of the Analysis: The analysis suggested depends es­
sentially on the choice of the region and the data used. The region 
must be isolated, self-sufficient and in a steady state. These con­
ditions represent an idealization of the real region. 
In general, the analyst faces three problems: choice of region 
and interregional network, choice of a set of industries and the kind 
and collection of data. The data collection requires a wide and detailed 
knowledge of the activities of the chosen systems in the region. In 
addition to each of these concerns, availability of funds, the objective 
of the study and the inclination of an individual researcher are in­
direct but important factors (Ref. 2.1, 2.2). 
Biological Energy Flow Diagram 
A biological energy flow diagram represents flows of energy among 
various species of an ecosystem. The concepts of food chain and trophic 
level are used in formulating an energy flow diagram. The food chain 
describes the transfer of food energy from the source in plants through 
a series of organisms with repeated eating and being eaten (Ref. 2.11), 
Ricker (Ref. 2.12) recognized the food chain as an important conceptual 
tool in describing an ecosystem. He reported that production in any 
major ecosystem begins with photosynthesis. It continues by way of 
a maze of food chain links. The products of these links are successive 
stocks of organisms that typically increase in individual size as they 
decrease in total bulk. At each transfer, a large proportion, 80 to 90 
percent, of the potential energy is lost as heat (Ref. 2.11). Therefore, 
the number of steps or links in a sequence is limited, usually to four 
or five. The shorter the food chain or the nearer the organism to the 
beginning of the chain, the greater the available energy. Thus food 
chains are not isolated sequences but are interconnected with one 
another. 
The trophic level is the other important conceptual tool in an 
ecosystem. This concept is a classification of species by diet. As 
Odum (Ref. 2.11) has reported, the organisms whose food is obtained 
from plants by the same number of steps are said to belong to the same 
trophic level. For example, green plants occupy the first trophic 
level which is a producer level. These plants take energy from sun 
and convert energy into the usable form for their own growth. The 
second trophic level, the primary consumer level, is occupied by plant 
eaters or herbivores which are being eaten by primary carnivores. 
These primary carnivores are in secondary consumer level, and they 
occupy the third trophic level. The fourth trophic level include the 
secondary carnivores which are in tertiary consumer level. Thus, from 
the above discussion, it is emphasized that this trophic classification 
is one of function and not of species as such (Ref 2.11). Consequently, 
a given species population may occupy one, or more than one, trophic 
level according to the source of energy actually assimilated. 
In addition to the above two concepts, the mechanism of biological 
energy flow follows the two laws of thermodynamics. In an ecosystem, 
incoming energy to any species is always equal to the energy leaving 
the species at steady state. This concept of steady-state energy 
balance satisfies the First Law of Thermodynamics which states that 
energy may be transformed from one type into another but is never 
created or destroyed. 
A portion of the energy coming to a species becomes unusable during 
its transformation. This unusable amount of energy is energy dissipated 
as heat in metabolic activity and measured as respiration. Odum 
(Ref. 2.11) described this concept stating that the energy transfer 
among species is always associated with the progressive decrease in 
(but not destruction of) energy at each trophic level. Thus, this 
concept is supported by the Second Law of Thermodynamics which deals 
with the transfer of energy towards an ever less available and more 
dispersed state. Odum (Ref. 2.11) stated this second law as, "No 
process involving an energy transformation will spontaneously occur 
unless there is a degradation of the energy from a concentrated form 
into a dispersed form." 
As described so far, energy transfer in an ecological system can be 
modeled in the form of a compartmental model. The compartmental model is 
one of the more general mathematical models available to the system 
analyst attempting to explain multi-variable data taken from a complex 
system. Depending on the system under study, various components of 
the system are "lumped" into a compartment. As for example, in 
studying energy transfer in a forest food chain, one could make each 
trophic level into a compartment or consider individual species as 
separate compartments (Ref. 2.13). Thus a compartmental model for an 
ecological system consists of an abstraction in which the system is 
viewed as a series of discrete compartments. The energy or material 
flows between these compartments are characterized by appropriate 
mathematical equations. These equations are known as transfer equations. 
Funderlic and Heath (Ref. 2.13) have reported various applications 
of the compartmental analysis technique and specifically developed the 
use of this technique for ecosystem models. The application of this 
technique to ecosystem models has also been reported by Dix and 
Beidleman (Ref. 2.14), Bledsoe and Van Dyne (Ref. 2.15, 2.16), Bledsoe 
and Jameson (Ref. 2.17). Van Dyne (Ref. 2.18), Kaye and Ball 
(Ref 2.19), and Isard (Ref. 2.6). Also, Odum (Ref. 2.11) and Teal 
(Ref. 2.20) presented the biological energy flow model of a marsh eco­
system in the form of compartmental model. 
Recreational Activities 
As described in the previous chapter, recreation is a subsystem 
of a region. Unlike any industrial complex, the recreational complex 
does not possess one type of basic interrelationship. As Isard 
(Ref. 2.6) described, the demand for one or more types of recreational 
activities to be supplied at some site may be highly dependent on the 
presence of demand for other types of recreational activities at that 
site. As for example, the demand of facilities for pleasure boating -
recreational activity - to be supplies at some location cannot be es­
timated independently of the demands of facilities for closely related 
recreational activities such as sport fishing and water skiing. 
Dasmann (Ref. 2.21) reported that the demand for recreation is 
ever increasing. He concluded that water-based activities of all kinds, 
from swimming to skin-diving were ranked very high. Jones and Rice 
(Ref. 2.22) reported that more than 50 percent of all recreational 
activities in the United States are water-oriented. 
Isard (Ref. 2.6) gave the methodology to include recreation acti­
vities in regional analysis. In his case study, he analyzed the effects 
of water-oriented recreational activities such as boating, fishing, 
surfing, and other beach activities. He used benefit-cost analysis 
for Plymouth Bay site and proposed the construction of,a new marina as 
discussed earlier, for economic advantage of the region. 
James and Lee (Ref. 2.23) also emphasized the economic impact of 
the recreational activities on the region. They discussed various 
phases of recreation including cost of repair and maintenance for the 
recreation site, prediction of demand for particular area and activity 
depending upon nearby population and other attractions, and the avail­
able facilities based on the estimated capacity of the site. They 
also presented the methodology and comprehensive discussion to cal­
culate demand and supply for recreational activities, capacity of the 
site, and cost analysis for the region to help in decision making of 
future development of new facilities. Use of benefit-cost analysis to 
evaluate economic impact of recreation can also be found in works of 
Pope (Ref. 2.24), Strang (Ref. 2.25) and Devanney (Ref. 2.26). 
Tadros and Kalter (Ref. 2.27) constructed a spatial allocation 
model for water based recreation demand in future. The objectives of 
the model were to maximize the number of visitors traveling to more 
attractive sites and to minimize total travel time, distance traveled 
or total cost occurred in using the particular recreation facility. 
The constraints of the model included satisfaction of the recreation 
demand, the capacity of the facilities (to avoid long queuing), 
traveling distance and time, total cost of a visit, and cost of ad­
ditional facilities for the excess demand in future. The model was 
empirically evaluated through an application to 22 counties in central 
upstate New York. Then the model was used to analyze four recreational 
activities in the same area. These recreational activities included 
swimming, boating, fishing, and camping. The analysis showed that new 
facilities should be created for swimming activity. They did not study 
the economic justification for adding additional facilities. Thus in 
general, the moclal gave a general feeling for magnitudes involved in 
recreation demand distribution and suggested whether specific locations 
needed additional capacities, given the objective and associated con­
straints . 
Louisiana State Parks and Recreation Commission (Ref. 2.28) did a 
detailed study on recreational activities in the state. The commission 
presented basic guidelines concerning supply, demand, and needs for the 
development of action programs in regards to acquisition and development 
of lands and waters to meet the needs of the recreating public at 
present and in the future for 1970-1975. The commission concluded that 
based on 1975 needs, and estimated unit costs, a total of $180 million 
(urban)and $145 million (rural), excluding hunting acreage cost of 
$238.5 million would be necessary to fulfill the state's recreational 
needs for the top ten ranked activities. 
Economic Impacts of Various Industrial'Activities 
The previous section discussed the economic impacts of recreational 
activities in general and specifically on coastal zone. This section 
discusses the economic impacts of petroleum industry, and marine-
oriented and other industries on the development and the management of 
the coastal region. The available works have considered different as­
pects of the problem but very few of them have quantified the analysis. 
Devanney et. al. (Ref. 2.26) discussed the economic impact of the 
establishment and location of a refinery complex in Maine and the as­
sociated oil distribution problem as one of the specific examples of 
coastal zone problems. They also analyzed the location of a nuclear 
power plant near Plymouth, Massachusetts. They studied three alternative 
major New England oil distribution systems with the consideration of 
possible construction of a refinery at Machiasport, Maine. They com­
pared the results of these three alternatives and recommended specific 
suggestions to the decision makers. 
Walker (Ref. 2.29) studied the impact of transportation systems on 
the coastal zone. The types of transportation systems included dredged 
inlets, channels, harbors, bridges, causeways, highways and airports. 
All of these systems require some kind of direct or indirect alteration 
of natural flow patterns or that of habitat. At the same time one needs 
to look into the needs of present and future generations of citizens 
who use and enjoy the renewable natural resources of the coastal zone. 
Walker discussed all these problems qualitatively for decision makers. 
Bilhorn and Sharp (Ref. 2.30) presented an analytical procedure to 
allocate coastal zone for various activities. They studied income 
producing sources such as transportation, food supply, recreation, waste 
disposal, mining, and habitation; physical processes such as sea state 
and elevation, circulation and exchange, and sedimentation; and basic 
services such as sea state and water topography forecasts, and river 
hydrologic climatologies and forecasts. They derived the required 
metrices for the Gulf coast estuaries. Then they determined the com­
parative economic values of alternative uses of estuarine areas. Bilhorn 
and Sharp graphically showed the application of attribution coefficients 
to priority determination for various activities they studied in the 
analysis. 
Rorholm et. al. (Ref. 2.31) sutdied and analyzed the economic 
impact of those commercial enterprises that depend upon the near-ocean 
and near-shore environment for their existence in given locations. They 
chose the southern New England marine region for their study. They used 
the input-output framework to facilitate the computation of various 
measures of economic impact. The commercial enterprises such as fish 
catching fresh-fish processing, frozen-fish processing, fish wholesaling 
and jobbing, ship and boat bnilding, marinas and yards, marine whole­
saling and retailing, marine manufacturing, and charter fishing were in­
cluded in this study. They also analyzed the future growth of marine 
activities and estimated the gross regional product. Rorholm et. al. 
concluded that the sectors that are based on the catching and utilization 
of fish ranked high in their ability to stimulate the economy. Also the 
navy-associated industries ranked high because of their size. The 
general and recreational sectors ranked about average in the various 
measures. The authors noted that these recreational sectors ranked low 
because the economic impact of summer recreators was not included in the 
analysis. 
Bybee (Ref. 2.32) illustrated the ability of the petroleum industry 
to develop the reserves in the marsh and estuarine zones without signi­
ficant environmental degradation. He documented that Louisiana coastal 
zone has contributed about 5.3 billion barrels of oil and 17 trillion 
cubic feet of gas since 1960 to the energy needs of the United States. 
According to Bybee, the development of this energy resources has re­
sulted in some important temporary change in the ecosystem and in some 
cases, permanent disruption of marsh and estuarine zones. He did not 
discuss this damage quantitatively. He discussed the economic impacts 
of petroleum activities and those of natural resources in the south­
western section of Louisiana including Acadian County and Avery Island. 
Thus the use of marsh and estuaries, the coastal zone, is very 
complicated. The coastal zone management needs to deal with all pos­
sible multiple uses of the region and economic impact of those uses. 
In Table II-l, the compatibility of these various uses is shown for an 
estuarine environment and the effects of these uses on the environment 
of an estuary (Ref. 2.33). Uses are ranged across the top of this 
table from industrial uses such as mining and petroleum at the left to 
the more personal uses such as swimming on the right. In the table 
the effects of each use are shown on the quality of the habitats in the 
estuary. The cross (x) in the table shows the corresponding uses as 
compatible but damaging to the environment of an estuary. As for 
example, mining and petroleum and marine transportation are compatible 
uses, but they would damage the environment by pollution or by dis­
turbing the natural system. On the other side, mining and petroleum use 
is non-compatible with swimming. Such non-compatible uses are shown 
by circles (o) in the table. The triangle (A) in the table shows the 
uses which are compatible and would not damage the environment. These 
types of uses include sport fishing and swimming. The uses which may 
or may not interfere with each other are shown by stars (*) in the 
table. These include uses such as commercial fishing and swimming. 
TABLE II-1 
The Compatibility of Various Human Uses of an Estuary, and 














































































































































































































Petroleum X X X X X 0 0 0 0 0 0 0 
Heavy 
Industry X X X X X * 0 0 0 0 0 0 
Waste 
Disposal X X X X X X X 0 0 0 0 
Dredging and 
Filling X X X X A A * * A A 
Marine 
Transportation X X A A * A A 
Land Fill and 
Development 0 * X A A A A A 
Housing 
0 0 X * A A A A A A •J A 
Boat Yards 
and Marinas 0 0 X A A A * A A * 
Commercial 
Fishing 0 0 0 * A A * A A A * 
Sport 
Fishing 0 0 0 * A A A A A A A A 
Boating 
0 0 0 A A A A A A A A 
Swimming 
0 0 0 A A A * * A A A 
(After Ketchum, B.H., "Population, Natural Resources, and Biological 
Effects of Pollution of Estuaries and Coastal Waters," Man's Tmnurt nn 
TprrpstiHal and Oceanic Ecosystems- Eds. Matthews, W.H., F.E. Smith and 
E.D. Goldberg, the MIT Press, Cambridge, Massechusetts, pg. 77, 1972). 
(X) Compatible uses but damaging ( ) Uses with little or 
to the environment no interaction 
(0) Uses not compatible (*) Uses which may or 
(A) Compatible uses without not int«fere 
damage to the environment 
The empty places represent the uses with little or no interaction. For 
example marine transportation and swimming have little interaction. 
In general, Ketchum et. al. (Ref. 2.33) concluded that industrial 
uses may be compatible with each other even though they are damaging 
to the environment. They further noted that personal and recreational 
uses of the environment are compatible, but they are not compatible 
with the industrial development of theestuarine region. Thus the 
industrial and non-industrial uses of an estuary require a detailed 
analysis of the coastal zone region by the environmental as well as 
economic point of views. 
In another work, a comprehensive report on various studies on the 
importance of the estuarine zone is documented in the report of the 
Secretary of the Interior to the U. S. Congress (Ref. 2.34). This 
report states that the value and the importance of the estuarine zone 
lie in the great number of ways in which it can serve human society. 
Multiple use of the estuarine resource is an intrinsic feature of the 
socioeconomic environment of the estuarine zone, and those estuarine 
systems which can be used intensively for many purposes are the most 
valuable components of the national estuarine system. Also, this re­
port gives the social and economic values of the estuarine zone along 
with the conflicting use such as damage done by pollution. The value 
of the estuarine zone is evaluated on the basis of direct and indirect 
uses of income generating estuarine resources. For example, in 1967, 
U. S. fishermen received approximately $300 million for estuarine de­
pendent species such as shrimp, and other fish and shellfish. For 
recreation, the value of the U. S. Estuarine zone was also estimated 
at about $300 million if each person has about 5 days of recreational 
use. This value was regarded as the minimum value for the entire es­
tuarine recreational resource. In general, the total direct economic 
benefit of the estuarine zone to the residents of the coastal counties 
was about $60 billion in terms of additional economic activity stimu­
lated by the presence of estuarine systems. 
From the above discussion, it is clear that none of the works have 
covered all aspects of the coastal zone management problems. This re­
search is planned to include ecosystem in the form of biological energy 
flow model, industrial activities such as shrimp and crab processing 
industries, and non-industrial activities such as recreational activi­
ties in the regional analysis. The details are discussed in the next 
section. 
Perspective: Contribution of this Research 
Specifically this research deals with the regional analysis part 
of the system analysis which has been discussed in the previous chapter 
The main purpose is to establish the computational techniques and 
recommend guidelines to coastal zone planners for the development and 
management of the region. 
The state of Louisiana is very rich in petroleum reserves; the 
majority of which are located offshore. Louisiana coastal zones are 
also highly rich in renewable resources including production of shrimp, 
menhaden and other fisheries as well as wildlife species. The same 
environment is also highly favorable for water-oriented sport activitie 
All these factors make the region more attractive for the development 
of the region including commercial fishery, sport fishing, sport-
oriented and marine-oriented industries, petroleum industry, and 
recreational activities. Consequently the results of the regional 
analysis will hopefully give a sound foundation to evaluate proposed 
future developments in the region. Various alternatives such as 
promotion of increasing primary productivity, and establishment of 
limits on constructions which eliminate the marsh area, can be 
evaluated using this regional analysis technique to help the decision 
making process. In general, the steps followed in this research can 
be summarized as follows: 
1. Formulation of the biological energy flow model for the region. 
2. Evaluation of the economic values of commercial fisheries of 
the region. 
3. Development of the ecological and other physical (land and 
marsh) constraints for the fisheries and economic oriented 
such as recreation, and other marine-oriented industrial 
activities. 
4. Evaluation of the income-cost coefficients for the economic 
oriented activities. 
5. Formulation of the problem to use linear programming tech­
nique as a mathematical tool to establish the optimum 
pattern of the regional activities. 
6. Analysis of the problem for various alternative including 
variations in marsh-water area and natural disaster of marsh. 
7. Recommendations for future extension of this research. 
Summary 
The pertinent literature was reviewed in this chapter. Regional 
analysis, biological energy flow model and compartmental analysis, 
recreational activities, and economic impact of petroleum and other 
marine-oriented industries were included in this review. None of the 
works found to envelop all of these activities for a better management 
for the coastal zone. These works did provide the various phases 
of the particular activities related to the coastal zone development. 
Consequently these works were very useful as the background in develop­
ing the various models in this research. The general outline of this 
research was presented at the end. The next chapter discusses the 
methodology used in the analysis and presents the complete formulation 
of the models. 
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CHAPTER III 
MODELING OF THE BARATARIA BAY REGION OF COASTAL LOUISIANA 
The Barataria Bay region of coastal Louisiana is the area for which 
the regional analysis is conducted. The regional analysis consists of 
two main sections. The first section describes the economic model of 
the analysis while the second section gives the constraints of the 
system. These constraints must be satisfied in optimizing the economic 
model of the region. The combination of these two sections forms a 
regional model which is optimized using linear programming. In the 
following discussion, the general form of the regional model is in­
troduced, and this is followed by the details of the formulation of 
three submodels: biological energy flow model, commercial fisheries 
industry model, and recreational model. At the end of this chapter 
the regional model is presented. 
General Form of the Region Model 
The Louisiana coastal region is in many respects the state's 
most valuable geographic feature, for it is at this juncture of the 
land, the sea, and the great rivers that most of the state's trade, 
commerce, industry, and population are located. Louisiana Advisory 
Commission on Coastal and Marine Resources (Ref. 3.1) has reported 
that from 1962-1972 the increase in industrial investment in the 
coastal zone parishes has been more than five-fold while the indus­
trial investment on non-coastal zone is constant or decreasing. 
Similar effects were found in change of population. The same commis­
sion has reported that the coastal zone population has increased by 
51 percent from 1950 to 1970, and the non-coastal zone population 
has increased by 15 percent for the same period. Because of these 
changes in pouplationj the supply and demand of recreation facilities 
are ever increasing in the coastal zone as documented by the advisory 
commission. As reported earlier, this coastal zone is also the region 
with abundant deposits of oil, gas, and minerals, and whose estuaries 
comprise a significant part of the nation's most productive fish and 
wildlife habitat. These industrial and fishery activities compete 
with each other for multiple uses of land, marsh, and water. Subse­
quently the coastal zone has become more and more important due to 
its ever increaseing growth rate. The Barataria Bay region located 
at the south-east section of the state of Louisiana (Figure 1-2) 
was chosen as the study area where a number of research studies are 
conducted by the Office of Sea Grant Development of Louisiana State 
University. This area was also used for the regional analysis. 
The mathematical form of the regional model has an objective func­
tion and constraint equations. The objective function is formed on 
the basis of maximizing the income (profit) or production from the 
region. The constraint equations represent the biological and physi­
cal limitations and restrictions, the demands and supplies of the 
products, and the capacity of the production units or the available 
facilities in the region. The mathematical form of the objective 
function can be represented as: 
n 
Maximize: z = E C. Y. ,v 
J J (III-l) 
Subject to: ^ aij Yj > bi (III-2) 
where a 0, n s m, and i = 1, 2, ...m. 
Equation III-l is the profit function and Equation III-2 repre­
sents the constraint equations. The term z in Equation III-l is the 
total income of the region. The total income is the sum of the pro­
duct of the cost coefficient of the jth activity, Cj, times the alloted 
amount of the product used for jth activity, Y^. The (transfer) 
coefficient, a^ describes the allocation of Yth product for jth 
activity from ith resources. The term b^ is the total available ith 
resources. The term m is used for total number of limiting resources 
(donors) while n is the total number of competing activities (recipi­
ents) . 
In Figure III-l the schematic view of the concept of the region­
al analysis model is presented. The model is divided into three 
submodels. These three submodels describe the various regional ac­
tivities such as biological energy flow among various biological 
species (ecological balance), different industrial activities of 
commercial fishery, and recreational activities. The activities 
related with petroleum industry are not included in this regional 
model. One of the main reasons for this exclusion is that the econom­
ic value of the production of oil and gas is very high compared to 
the economic value of the fishery and other industrial activities and 
the petroleum production is not a renewable resource while the 
fisheries industry and recreation industry are. The other main 
reason is that the produced oil and gas do not remain in the region, 
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Figure III-l Concept of the Regional Analysis Model 
but go out of the region for processing. Consequently there is no 
significant contribution of the income generated by the activities 
of petroleum industry. Thus, it is justifiable not to include the 
petroleum industrial activities into the regional model. 
Each of the three submodels has an economic (sub)model, and the 
sum of the three sub economic models make up the economic model for 
the region. The detailed discussion is given in the following para­
graphs . 
The first submodel, the biological energy flow model describes 
the pattern of the energy flows among various biological species 
present in the ecosystem. As described in the previous chapter, the 
pattern of these energy flows depend on the concepts of food chain and 
trophic level (Ref. 3.2). 
This energy flow model is divided into two subsections. The 
first subsection describes the economic impact in the region and the 
second subsection represents the constraint equations. The four 
commercially important species of the region are oysters, menhaden, 
shrimp, and blue crab (Ref. 3.3, 3.4). Two of these four species: 
shrimp and blue crab have nine and three processing (industrial) 
activities respectively (Ref. 3.3). These industrial activities are 
considered in the economic model of the second submodel, fisheries-
industry model. Thus, only the economic impact of the landings of 
oyster and menhaden is included in the economic model of the energy 
flow model. The energy flow balances are described by the constraint 
equations for each species. 
The second submodel, commercial fisheries-Industry model describes 
the percent distribution of shrimp and blue crab among their various 
industrial sectors such as canning, fresh and frozen processing, and 
sundrying. The economic model of this submodel represents the income 
from the products of these different processing activities. The 
constraint equations describe the physical capacity of the plant (or 
unit) for an individual activity. 
The third submodel, the recreation model, Includes the recrea­
tional activities such as sport fishing, pleasure boating, water 
skiing, and beach swimming. The economic model of this submodel des­
cribes the income generated from the expenditure of recreators coming 
for those recreational activities. The capacity of the region is in­
cluded in the constraint equations along with the availability of the 
area for recreational purpose. The following sections discuss the de­
tails of these three submodels. 
Biological Energy Flow Model 
The biological energy flow model represents the energy flows 
among various biological species of the ecosystem. The previous 
chapter discussed the thermodynamic laws that govern the pattern of 
these flows. This energy flow model is a part of the regional model 
which is optimized using linear programming. Consequently this 
model is also written in two sections: The mathematical form of the 
objective function can be represented as: 
m n 
Optimize: z, = E E c y (III-3) 
1=1 j=l J 
and the constraint equations can be represented as: 
S  y i k -  £ y k j  
ytj =» Hi • (III-4b> 
ykj 5 Ukj 
where y^ s 0, n & m, and k = 1, 2, .m. 
The objective function for the biological energy flow model of 
Barataria Bay region is the economic model representing the landing 
income of two commercially important biological species: menhaden, 
and oyster. As mentioned earlier, the other two commercially impro-
tant species: shrimp, and crab, are included in the objective function 
of the commercial fisheries-Industry model. 
The economic model of the energy flow model is given by Equation 
III-3. The total income or the economic value of the region from 
oyster, and menhaden, z^, is given in terms of dollars per acre. 
This total income is the sum of the product of the ex-vessel (dock-
side) price or the value, ĉ j> *-n dollars per pound of the corres­
ponding species times the catch or landing of these species, 
pounds per acre. The ex-vessel prices or the species are obtained 
from the data of Louisiana commercial fishery's landings (Ref. 3.3, 
3.5). As shown in Table III-l, the landing value for menhaden is 
3.5 cents per pound and that for oyster is 43.3 cents per pound. 
The constraint equations of the energy flow model were developed 
using the energy flows among the various marine species. Three main 
principles were used for the development of these equations. The 
TABLE III-l 










Meal/scrap 217,242 16,167 0.074 
Oil 99,358 5,434 0.055 
Fish Soluable 539,651 8,046 0.015 
TOTAL 856,251 29,647 0.035* 
Dyster 
TOTAL 9,178 3,969 0.43* 
* ex-vessel or dockside price 
** From: "Fishery Statistics of the United States 1969," 
Statistical Digest 63, National Marine Fisheries Service, 
National Oceanic and Atmospheric Administration, U. S. 
Department of Commerce, U.S. Government Printing Office, 
Washington D.C., (1972). 
first principle is the steady-state energy balance for biological 
species. For each species the total energy flowing to the species 
is equal to the total energy flowing from the species. The second 
law of thermodynamics is the second principle, and it fixes the direc­
tion of the energy flow (s). Energy is transferred among various 
biological species such that it always flows from the lower trophic 
level species to the higher trophic level species. The third princi­
ple is the biological restriction, i.e., the population level of each 
species has upper and lower limits. The population level and the 
transfer of energy to other species has to be controlled to maintain 
a balanced ecosystem. The equality constraints, Equation III-4a, are 
based on the first two principles, and the unequalIty constraints, 
Equation III-4b and c, are based on the third principle. 
The first term in the Equation III-4a represents the fraction of 
the net energy input, t^ik' from ith species to kth species. The 
transfer coefficient, t^, is the ratio of the total net energy flowing 
from the kth species (excluding respiration ) to the total incoming 
energy. The variable y^j represents the flow of energy from ith 
species to kth species. 
The second term in Equation III-4a represents the flow of energy 
y^j, from kth species to jth species. This term also includes the k 
feces flows. A feces flow can be computed using the feces coefficient 
which is defined as the fixed ratio of the energy flow to feces to 
the total incoming energy. The third term in the Equation III-4a, 
e^, is the unused energy in the region and/or the amount of energy 
exported from the region to the other system(s). These constraint 
equations are given in Appendix A along with the values of transfer 
coefficients. 
In Figure III-2, the schematic view is presented for the biolo­
gical energy flow model for Barataria Bay. The separate energy flow 
diagrams are given in Figure A-2, A-3, and A-4 of Appendis A for marsh, 
water, and sediment respectively. The symbols used in these figures 
are explained in Table A-7 of Appendix A. The flow values are in terms 
2 
of material flows gorg/m (Ref. 3.6, 3.7, 3.8). These values are 
steady state and seasonally-averaged values of the system. The mater-
2 
ial flows expressed in gorg/m can be converted into energy flows ex-
2 
pressed in kcal/m using experimentally determined conversion factor, 
2 2 
1 gorg/m equals 4.5 kcal/m (Ref. 3.9). This conversion 
factor is obtained using a bomcalorimeter (Ref. 3.6, 3.9). The other 
2 
conversion used during analysis is 1 gorg/m equals 89.23 pounds per 
acre based on dry weight as 10 percent of the fresh weight. This 
value varies with the change in the percentage of the dry weight. 
Different values of conversion factor are listed in Table III-2, As 
2 
for example, the value of conversion factor is 59.49 (1 gorg/m equals 
pounds per acre) for the species which has dry weight as 15 
percent of the fresh weight. . 
The terms and in Equation III-4 b and c represent values 
of the upper and lower limits of an individual energy flow from kth 
species to jth species. All these energy flows were approximated to 
vary plus or minus 25 percent from the base case values, with the 
exception that the variation in energy flows from commercially im­
portant species (menhaden, oyster, shrimp, and crab) to man in the 
.io» cta*>vo*t*r 
•' onii'us CM 
/// 
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Figure III-2 Biological Energy Flow Diagram, Barataria Bay, Louisiana 
TABLE III-2 
Various Values of Conversion Factor Used to Convert Material Flows in 











Oyster 10 89.23 
Menhaden 20 44.63 
Shrimp 15 59.49 
Blue Crab 10 89.23 
form of catch were approximated to vary plus or minus 100 percent of 
the base case values (Ref. 3.10). These upper and lower limits are 
also listed in Appendix k. 
Commercial Fisheries-Industry Model 
The commercial fisheries-industry model reflects the economic 
impact of the various fishery-oriented industrial activities on the 
region. This model also has two subsections: an objective function, 
and the constraint equations. This industrial model is also a part of 
the regional model similar to the energy flow model discussed in the 
previous section. The mathematical form of the objective function 
can be represented as: 
P q s 
Optimize; z9 = E E c' X . (III-5) 
s=l 1=1 81 31 
and the constraint equations can be represented as: 
Ps 
£ X n - X =0 (III-6a) 
1=1 si 8 
X3l " "sl XS * ° <IIT-6b) 
x
si - ds" * 0 (iii-6c> 
where X . and X'"' s 0 
si s 
The objective function for the commercial fishery-industrial 
model represents the economic impact of the two commercially impor­
tant fishery industries: shrimp, and crab. This economic impact 
model is given by Equation III-5. The total income from these two 
(shrimp and crab) industries, z^, is in terms of dollars per acre. 
This total income or the economic impact of these two industries, 
is the sum of the product of c^, the economic value of lfrh activity 
of sth industry, in dollars per pound, times the amount of product 
(shrimp or crab) allocated to sth industry for 1th activity, X 1, in 
i S X 
terms of pounds per acre. The corresponding values of cost coeffi­
cients, c^p are obtained from the data of Louisiana Commercial 
fisheries' landings (Ref. 3.3). These values are listed in Table 
III-3. 
As shown in Table III-3, crab industry has three types of activi­
ties including fresh and frozen meat cooking, specialities and other 
such as selling to retailer, and restaurants. In 1969, about 6 per­
cent of the total catch of 12 million pounds of crabs were ueed for 
fresh and frozen meat cooking industry which earned $1.3 million. Thu 
this crab industrial activity made $1.80 per pound. The speciality 
activities used 3 percent of the total catch earning $0.30 million, 
i.e., 80 cents per pound. While other categories made only 10.5 
cents per pound using 91 percent of the total catch and making $1.1 
million. On the other side, shrimp industry has nine types of activi­
ties. The first of these nine activities, fresh and frozen raw head 
less, used 33 million pounds of shrimp, i*e., 40 percent of the total 
catch of 83 million pounds in 1969. This activity earned $36 million 
or $1.09 per pound. The other two activities, pealed-raw and cooked, 
used one and 2.7 million pounds of shrimp respectively, i.e., 1.2 and 
3.3 percent of the total catch. These activities made $0.77 and $2.04 
per pound earning total of $0.78 million and $5.5 million respectively 
The breaded raw and cooked activities used 1.7 million pounds of 
shrimp or 2 percent of the total catch and made 80 cents per pound 
TABLE III-3 
Louisiana Income from Various Industrial Activities 
of Crab and Shrimp in 1969 
Species Amount of Total Value Fercent 
and Landing Used Income Weight 
Type of Processes 1000 pounds 1000 dollars $/lbs % 
Crab 
Fresh and Frozen 
Cooked Meat 704 1,257 1.786 5.97 
Specialties 384 297 0.773 3.25 
Others 10,711 1,119 0.105 90.78 
Total 11,799 2,673 100.00 
Shrimp 
Fresh and Frozen 
Raw Headless 32,754 35,836 1,094 39.52 
Peeled-Raw 1,011 777 0.768 1.22 
Peeled-Cooked 2,700 5,511 2.041 3.26 
Breaded 
Raw and Cooked 1,692 1,351 0.799 2.04 
Specialties 592 527 0.891 0.71 
Canned-Regular 11,665 17,352 1.488 14.07 
Canned-Special 52 116 2.214 0.06 
Sun-dried 650 1,135 1.746 0.78 
Others 31,765 12,785 0.403 38.34 
Total 82,881 75,390 100.00 
From: "Fi-shsry Statistics of the United States 1969," Statistical 
Digest 63 National Marine Fisheries Service, National Oceanic and 
Atmospheric Administration U.S. Department of Commerce, U.S. 
Government Printing Office, Washington D.C., (1972) 
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or $1.4 million in total. The specialities category used only 600 
thousands pounds of shrimp or 0.7 percent and made 89 cents per 
pound earning $0.53 million in that year. Canning industry used 11.7 
million pounds of shrimp for regular canning and 52 thousands pounds 
in special canning earning $17.4 million and $0.12 million, i.e., 
$1.49 and $2.21 per pound respectively. About 0.8 percent of the 
total catch, 650 thousands pounds of shrimp, was used for sun drying. 
These sun dried shrimp earned $1.1 million making $1.75 per pound. 
The remaining 38 percent of the total catch, 31.8 million pounds, was 
used in all other unspecified activities such as personal use and sale 
to retailers. Total earnings for this category was $12.8 million or 
40 cents per pound. Thus, the total of 83 million pounds of shrimp 
brought $75.4 million in the region in the 1969 year. 
Two main principles tfere used to formulate the constraint equa­
tions. The first principle is the steady-state yearly averaged over­
all material balance for biological species, crab and shrimp. For 
each species, the total amount caught is equal to the sum of the 
amount of species used for the various industrial activities. The 
second principle involved variations in the economic and physical 
capacity of the plant to change the particular processing activities. 
The equality constraints, Equations III-6a, are based on the first 
principle, and the unequality constraints, Equations III-6 b and c, 
are based on the second principle. 
The first term, Xĝ , in the Equation III-6a represents the total 
amount of sth species (crab or shrimp) used for 1th industrial 
activity. Actually this quantity is a fraction of the total amount 
of sth species landed, X^, in the region. The variable is the 
s s 
optimal landing of the sth species, in pounds per acre. The term, dLn, 
S i. 
in Equation III-6b denotes the allowable lower limit of percent 
redistribution of the sth species for 1th activity and d^ in Equa­
tion III-6c describes the allowable upper limit for the same. The 
term q is the total number of type of industries or type of species 
and p is the total number of type of activities or processing varie-
s 
ties for sth industry or species. 
The objective function is listed in Appendix A along with the 
constraint equations for this industrial model. 
Recreation Model 
The recreation model represents the four important recreational 
activities of the region. These four recreation activities are sport 
fishing, pleasure boating, water skiing, and other on-shore activities 
such as beach swimming. As discussed earlier, this model is also a 
part of the regional analysis, and so the recreational model also 
consists of two subsections: an objective function, and the con­
straint equations. The mathematical form of the objective function 
can be represented as: 
Optimize; *3 - £ ̂ ̂ (m_7) 
and the constraint equations can be represented as: 
£ A^ (III-8a) 
V 
J=1 
R. :> (III-8b) 
J J 
TABLE III-4 
Reported Expenditures of Gulf-Coast Salt-Water Sport 
Fisherman in 1970, and Estimated Expenditures of Other 











































8.89 $16 13.12 $15 25.42 
Auxiliary 
Equipment 





34.78 $62 50.82 $5 8.48 
Fishing 
Eauioment $13.11 7.28 0 0 0 0 
Fees and 
Other Expenses. $62.85 34.89 $20 16.39 $15 25.42 
Total S178.08 100.00 $122 100.00 $59 100.00 
From: "1970 National Survey of Fishing and Hunting", Resource 
Publication 95, Fish and Wildlife Services, Bureau of Sport 
Fisheries and Wildlife, U.S. Department of the Interior, U.S. 
Government Printing Office, Washington D.C. p. 48 (1972). 
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Rj £ U* (III-8c) 
where h = 1 is for water and h = 2 is for land. 
The objective function of the recreation model reflects the econo­
mic advantage the region is obtaining from the visitors coming for rec­
reation. This economic model is represented by Equation III-7. The 
total economic advantage of income, z^, is in dollars per acre. This 
total income is the sum of the product of the average expenditure, rj»°^ 
each recreator coming for jth activity, times R^ which is the average 
total number of visitors per year, for the same avtivity. The term r^ 
is also known as a cost coefficient for jth activity. The values of 
these cost coefficients are obtained from the data published by the Bureau 
of Sport Fisheries and Wildlife (Ref. 3.11). These values and breakdowns 
of expenditures of sport fisherman are listed in Table III-4. It is as­
sumed that the level of expenditure by sport fisherman is the same as 
that in the whole gulf region. From Table III-4, each salt-water sport-
fisherman spent $178 per year in 1970. Of this $178, 13.5 percent or $24 
were used for food and lodging, $16 or 9 percent were used for transpor­
tation, $62 or 35 percent for auxiliary equipments, $62 or 35 percent in 
legal fees and other expenses, and $13 or 7.5 percent for fishing equip­
ment, It is further assumed that recreators coming for pleasure boating 
and water skiing spends about two third of the sport-fisherman ex­
penses per year (Ref. 3.12) and other recreators coming for beach 
swimming spend about one third of the sport-fisherman expenses par 
year (Ref. 3.13). Based on this assumptions, recreators for 
pleasure boating and water skiing spend $122 per year in total, of 
which $24 or 20 percent in food and lodging, $16 or 13 percent in 
transportation, $62 or 51 percent in auxiliary equipment, and $20 
or 16 percent in other expenses. Thus, these recreators spend the 
same amount as sport fisherman for food and lodging, transportation, 
and auxiliary equipment. However, they (no fisherman) do not spend 
at all for fishing equipment and spend less for fees and other ex­
penses as they do not require to buy fishing licenses. Similarly 
the other recreators coming for beach swimmin, spend the same amount 
for food and lodging, less amount for transportation by saving ex­
penses on boat transprotation. These recreators also do not spend 
as much money for auxiliary equipment and other expenses as other 
recreators. As listed in Table III-4, these recreators spend total 
of $59 per year of which $24 or 41 percent in food and lodging, $15 
or 25.5 percent in transportation, and $5 or 8.5 percent in auxiliary 
equipment, and $15 or 25.5 percent as other expenses. 
As discussed in the previous paragraph, each recreator spends 
certain amount of money in the region. This expenditure increases 
the income of the region. In return, the region provides various 
facilities such as boarding, lodging, transportation, information 
centers, and boating ramps to those recreators. The region has to 
spend a portion of its income out of the region to bring (import) 
these facilities into the region. This portion of income (used for 
importing facilities) is known as 'leakage'. This leakage value 
varies for each activity or facility. For example, as shown in 
Table IIX-5, leakage percent factor for food and lodging is 0.66 
while that for fishing equipment is 0.20. The leakage percent factor 
for transportation1 is 0.66, for auxiliary equipment it is 0.60, and 
TABLE III-5 
Estimated Regional Gross Income, Leakage^, and Net Income from Varitrus Recreational Actvities and 






and Water Skiing 
Beach Swimming 
















Food and Lodging 66 $23.87 $15.75 $8.12 $24 $15.84 $8.16 $24 $15.84 $8.16 
Transportation 66 15.66 10.34 5.32 16 10.56 5.44 15 9.90 5.10 
Auxiliary 
Equipment 60 62.59 37.55 25.04 62 37.20 24.80 5 3.00 2.00 
Fishing 
Equipment 20 13.11 2.62 10.49 0 0 0 0 0 0 
Fees and 
Other Expenses 80 62.85 50.28 12.57 20 16.00 4.00 15 12.00 4.00 
Total $178.08 $116.54 $61.54 $122 $79.60 $42.40 $59 $40.74 $18.26 
Percent of 
Total . 65.44 34.56 65.25 34,75 69.05 
Hiorrison, W. B., Associate Economist, Gulf South Research Institute, Baton Rouge, Louisiana, 
personal communication, January 28, 1974. 
o* 
10 
that for fees and other expenses Is 0.80. Subsequently the net income 
of region Is reduced by this leakage factor. For example salt-water 
sport fisherman spends $24 per year per person for food and lodging. 
The leakage from the region is 66 percent or $15.75 of $24. Conse­
quently, the net income for the region is $8.12 per year per salt­
water sport fisherman1 expenses of $24. In Table III-5, the net in­
come of the region is listed for each type of recreator and for each 
category of expenses. These categories of expenses include food and 
lodging, transportation, auxiliary equipment, fishing equipment, and 
fees and other expenses. 
The total net income per each recreator is also listed in the 
table. For example, the total net income is $61.54 per salt-water 
sport fisherman per year. Actually each salt-water sport fisherman 
spends $178.08 per year in the region. Thus, only 34.56 percent of 
his expenditure remains in the region. As shown in the table net 
income per each person coming for pleasure boating and water skiing 
is $42.4 which is 34.75 percent of the total expenditure of $100 
while that for beach swimmer is $18.26 or 30.95 percent of the total 
expenditure of $59 per person per year. 
The capacity of water and land area is the major limiting factor 
for providing the necessary facilities for recreational demands. 
The other interlinked limiting factor is crowding. The area capacity 
is represented by Equation III-8a, where for h = 1, the equation 
describes the water area and for h = 2, it is land area. The factor, 
A^ in this equation represents the ideal acreage of water/land for 
jth recreational activity. The values of ideal acreage are obtained 
from the data published by Louisiana State Parks and Recreatlsa 
Commission (Ref. 3.14). The summary of these values are tabulated in 
Table III-6. As shown in this table, 1.21 acre of water is required 
i 
per salt-water sport fisherman who also occupies 0.012 acre of land. 
The person coming for pleasure boating requires 2.22 acres of water 
and 0.0086 acre of land. Similarly the water skiing recreator 
occupies 0.0086 acre of land and 4.44 acres of water. The other 
recreators (beach swimmer) occupy 0.0006 acre of water and 0.003 acre 
of land per person. 
In Table III-6, the capacity is given for each site and for 
various recreational activities along with the size of each site. 
For example, one site for sport fishing is made of one acre of land 
required for boat ramp and 104 acres of fishable water area. As 
shown in the table, this site can accommodate 85.8 persons per day. 
This means the site has a capacity of 85.8 persons. The crowding 
would occur if more than 85.8 persons come for fishing at the same 
site in a day. Thus, as given in the table, 1.21 (104/85.8) acres 
of water area and 0.012 (1/85.8) acres of land area are needed for 
each visitor coming for sport fishing. 
The precise measurement of supply and the accurate calculation 
of demand and needs of water and land areas for recreational activi­
ties is difficult. Although Louisiana does have an abundance of 
water, much of it is presently inaccessible for recreational use. 
As reported by the Louisiana State Park and Recreation Commission 
(Ref. 3.14), 89.2 percent of the state's water area which is suitable 
for recreation is inaccessible to visitors. This means that only 
TABLE III-6 









Number of Acres 
per Ideal Site 
Acres needed 
to provide one 
User Day 
Estimated Available 
Area for Recreation 
in Acres 
Water Land Water Land Water Land 
Sport Fishing 85.8 104 1 1.21 0.012 1500 15 
Pleasure 
Boating 117 260 1 2.22 0.008 390G 
15} 
Water Skiing 117 520 1 4.44 0.008 
J J 
Beach Swimming 
and others 2,436 1.4 6.2 0.0006 0.003 3120 5 
Total - - - - - 8520 35 
*From: "Comprehensive Outdoor Recreation Plan - 1970-75", Louisiana 
State Parks and Recreation Commission, Baton Rouge, Louisiana (1971) 
174,000 acres of water area is accessible to recreators from the total 
of 1.6 million acres of suitable water area. As documented in this 
report, in the greater Barataria Bay region only about 1.5 percent 
of the suitable water area is accessible for recreational activities. 
This means that about 9,600 acres of water area is available out of 
about a total of 626,000 acres. Based on this report, it was esti­
mated that the total of 8520 acres of water area is available for 
recreational activities. Also from this report it was estimated that 
35 acres of land was suitable for recreation in the Barataria Bay 
region. These values are listed in Table III-6. Bases on these 
figures, 1500 acres of water area and 15 acres of land area were 
available for sport fishing as shown in the table. Also shown in 
the table are the capacity for each ideal site and- other related infor­
mation. 
The total maximum available water and land area is expressed by 
T R 
A^ term in Equation III-8a. The variable, L^, in Equation III-8b 
represents the desirable lower limit of total yearly recreators 
coming for jth activity and U*j, in Equation IIl-8c represents the 
desirable upper limit for the same in the region. These limits are 
obtained as plus or minus 20 to 30 percent of the base case data 
depending upon the area capacity (to avoid crowding). The term v 
is the total number of recreational activities. The objective 
function and the constraint equations of the recreation model are 
also listed in Appendix A. 
Regional Model 
The previous sections discussed the three submodels used in the 
regional analysis. The combination of these three submodels is the 
regional model. Thus the combined objective function can be mathe­
matically represented as: 
Optimize: z = z^ + z^ + (III-9a) 
Substituting values of z^, and Z£« and z^ from Equation III-3, 5, and 
7: 
p 
m n q *s v 
z = 2 E c y. + S 2 c'X - + E r R (III-9b) 
i=l j=l J J s=l 1=1 81 81 j-1 3 J 
and constraint equations can be represented as: 
m n 
£ yik • £ - ek • 0 <m-4a> 
<III-4b' 
ykj s °ki 
I X - X. - 0 (m-6a) 
1-1 
X
S1 - dsl Xl 2 0 (I11"6̂  
Xsl - d"l XS S 0 (III"6c) 
.E \j Rj ̂  \ J=1 J J 
(III-8a) 
Rj s L* (III8-b) 
R^ <: (III-8c) 
T 
where ^sls Xg s 0, k =l,2,...,m, h = 1 for water, and 
h = 2 for land. The sets of equations that are representing the 
regional model are listed in Appendix A. This regional model esti­
mates the total optimal Income of the region from three activities: 
commercial fish landing, fishery oriented industrial activities, and 
recreational activities. The analysis used the. major constraints 
such as ecosystem balance, industrial processing capacity, and physi­
cal limitations of the available recreation area. 
The regional model was optimized using linear programming. The 
Mathematical Programming System (MPS) was used for the linear pro­
gramming optimization. The details of the technique are given in the 
IBM Manual (Ref. 3.15, 3.16). The MPS control program used to opti­
mize the model is presented in Appendix B. The data used for this 
analysis are also listed in this appendix. 
Summary 
This chapter discussed the economic impacts of various activities 
on the Barataria Bay region of coastal Louisiana. These activities 
included commercial fish landings, fish processing activities, and 
recreational activities. Subsequently a regional model was proposed 
and was divided into three submodels: biological energy flow model, 
commercial fisheries-industry model, and recreation model. These 
three submodels were developed and then combined together. The 
combined model, the regional model, was analyzed and optimized, using 
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CHAPTER IV 
RESULTS AND DISCUSSION 
The regional model discussed In Che previous chapter Included 
three submodels; the biological energy flow model, the shell fish pro­
cessing industry model, and the recreation model. This regional model 
was optimized using linear programming. In addition to this the bio­
logical energy flow model was used to evaluate the effects of variations 
in the marsh and water area on the production of the commercially im­
portant species. Also, this energy flow model was used to study the 
impact of organics distribution in the marsh and water. In this 
chapter the results of the linear programming analysis of the regional 
model are discussed first and then the results of the biological 
energy flow model are presented. This Is followed by the evaluation 
of effects on commercially important species by distributing dissolved 
and particulate organics in the estuarine area. Then the comparison 
of this research with previous studies is presented. 
Linear Programming Analysis 
The MPS method (Ref. 4.1) was used to optimize the regional 
model. As reported earlier, this regional model includes three sub­
models, the biological energy flow model, commercial fisheries-indus­
try model, and the recreational model. The regional model has two 
sets of equations, the economic model (objective function) and the 
constraint equations. These sets of equations were analyzed in 
three steps. First, the base case values were used to formulate the 
regional model. With these values, the optimal pattern of the energy 
flows, optimal distribution of species to various iddustiral activi­
72 
ties, and the optimal recreational activities were determined by linear 
programming optimization. Following this, sensitivity analyses were 
performed to study the effects on the optimal solution of fluctuations 
in price and variations in availability of resources of the system. 
The details are discussed in the following subsections. 
Optimization: The regional activities were evaluated by linear 
programming to determine the values that gave the maximum regional 
income. Optimal values of income from landings, shell fish processing 
industries, and recreation were compared with base case values of 
income as shown in Table IV-1. Referring to the table, the overall 
regional income increased from $247 per acre per year to $346 per 
acre per year, an increase of 40.1 percent. The income from landings 
of oyster and menhaden increased by 49.7 percent and the income from 
fish processing industries rose by 54.0 percent. However, the income 
from recreational activities increased only by 29.1 percent. Thus, 
from Table IV-1, initially these three Income generating activities; 
landings, shell fish processing, and recreation, provided 25.7, 23.0, 
and 51.3 percent of the base case income respectively. .This dis­
tribution changed to 27.4, 25.3, and 47.3 percent for the optimal 
case. Thus the linear programming analysis indicated that the total 
income of the region could be increased by 40.1 percent if the optimal 
pattern for these regional activities are established. In the 
following discussion, each sub-model (landings, shell fish processing 
industries, and recreation) is discussed briefly. 
The optimal income from landings of four commercially important 
species; oyster, menhaden, white and brown shrimp, and blue crab 
TABLE IV-1 
Comparison of the Optimal and Base Case Productivity of the Region for Landings, 
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56.8 87.5 54.0 23.0 25.3 
Recreation 
Z3 
126.9 163.8 29.1 51.3 47.3 
Total z 
. L 
247.1 346.2 40.1 100.0 100.0 
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are presented in Table IV-2. In the table, the dockside prices are 
shown for these four species along with their annual landings. The 
significance of these results was that the income from landings in­
creased for all commercially important species. This increase varied 
from 26.4 percent to 80.2 percent from the base case values. For ex­
ample, as shown in Table IV-2, the income from menhaden landings in­
creased from $35.9 to $45.4 per acre per year, an increase of 26.4 
percent. However, the income from oysters landings increased from 
$27.5 to $49.5 per acre per year, an increase of 80.2 percent. The 
corresponding increases in landings and income for shrimp and crab 
are also given in the table. 
It is very important that none of the energy flows reached its 
specified upper limit. As discussed in the previous chapter, the 
allowable upper limit was 100 percent higher than the base case value 
for each of these flows and corresponding landings. This means these 
optimal values (results) were constrained by the biological system 
and not an arbitrarily specified upper limit. 
The optimal distribution requires the adjustment or the control 
of the population of the estuarine species. Various techniques for 
this could include the use of selective fertilizers, addition of 
nutrients in dissolved and particulate form, use of insecticides, 
sterilization, and the selective diversion of fresh water for salinity 
control. Also, the integrity of the ecosystem of water, marsh, and 
land must be maintained so that the biological energy flows could be 
retained at values near the optimal ones. 
TABLE IV-2 
Comparison of the Optimal and Base Case Values for the Commercially Important Species, 
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33.9 44.9 28.8 46.9 49.7 
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The increase in income and production depends upon various factors. 
One of these factors is the interrelationships among the species which 
are represented by the transfer of energy among the species. The 
second important factor includes the upper and lower limits of the 
biological energy flow among the species. These limits are defined 
such that the stability of the ecosystem is maintained. The third 
important factor is the cost coefficients in the economic model. If 
the value of cost coefficient is higher, the variable representing 
the corresponding energy flow would have a tendency to reach its upper 
limiting value provided that all other constraints are met. In 
general, the biological energy flows which go directly or indirectly 
to the commercially important species, tend to the allowable upper 
limits. For example, as shown in Table IV-2, landings of various 
species increased in the range of 26 to 80 percent of their base case 
values. As a result of this increase, the biological energy flows to 
t h e  o t h e r  s p e c i e s  d e c r e a s e d  s u c h  t h a t  t h e  c o n s t r a i n t  e q u a t i o n s  w e r e  
1 
satisfied. (By the first law of thermodynamics; energy cannot be 
created or destroyed). 
To obtain the optimal energy flow pattern these biological energy 
flows'must be controlled. Consider the case of energy flows to 
oyster as shown in Figure IV-1 (part of Figure III-2). The total 
energy .to oyster should be increased by 25 percent from 35.8 gorg/ 
2 2 
m /yr to 44.8 grog/m /yr. Also, the energy flows from oyster to 
mid-carnivores and blue crab should be decreased from 0.525 and 0.25 
2 
to 0.394 and 0.188 grog/m /yr respectively, and the landings of 
2 
oyster should be increased from 0.71 to 1.276 grog/m /yr, an increase 
Man (Seeding) Man-Landings 
0.38(0.31) 1.28(0.71) 
Oyster Mid-Carnivores Phytoplankton 
26.25(21.0) 0.39(0.53) 
Blue Crabs Particulate 
Organics 





Figure IV-1 Comparison of Optimal Values of Energy Flows of 
Oyster With Those of Base Case, Barataria Bay, 
Louisiana (The Values in parentheses represent the 
base case values. All values are in gorg/m /yr and 
they are from Figure IIT.-2, A-2, A-3, A-4, and 
Table C-2) 
of 79.7 percent. Also, the energy flow to mid-carnivores and blua 
crab must be controlled so that the landings are increased as shown 
in the figure. The oyster drill (a mid-carnivore) can be controlled 
by maintaining salinity at less than about 15 ppt to minimize the 
population of this predator as one way to control the energy flow. 
Another wat to enhance the incoming energy to oyster would be to 
increase phytoplankton production by addition of nutrients, e.g., 
fertilizers. Also, particulate organics from fish processing wastes, 
for example, could be distributed to increase the energy flow from 
this source to oysters. 
The marsh grass is a major source for the ecosystem (Figure III-2) 
and Patrick (Ref. 4.16) has shown that about 15 percent more marsh 
grass could be produced if adequate nitrogen is provided in the marsh. 
This would also require the distribution of nitrogen rich materials 
such as fertilizers in the marsh. The increase in marsh grass pro­
duction would pass this increased energy to the higher level species. 
This is another way that the energy flows in the ecosystem could be 
enhanced to improve the production of the commercially important 
species. The significance of this part of the study is that the 
evaluation of the biological energy flows in the ecosystem gives a 
quantitative prediction of the improvement in the fisheries production 
in the marsh, and this can be used to evaluate the economic potential 
of means proposed to improve these valuable fisheries resources. 
The optimal income of crab and shrimp industries are presented 
in Table IV-3. The crab industries have three types of activities; 
fresh and frozen cooked meat (C-FFCM), specialities (C-SP), and others 
TABLE IV-3 
Comparison of the Optimal and Base Case Values for the Crab and Shrimp Processing Activities, 
Barataria Bay, Louisiana 








































































$/acre/yr 1.28 0.35 0.91 42.24 0.59 7.04 1.05 0.42 22.22 0.13 1.45 9.83 87.51 
Percent Change 


































































Change 1.30 1.30 -2.60 5.99 -0.31 0.81 -0.56 -0.15 3.53 0.01 0.20 -9.59 
, 
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(C-OTH) including retail sale. There were a total of nine activities 
to categorize the shrimp industry. These nine activities included 
fresh and frozen raw headless (S-FFRH), peeled raw (S-PR), peeled 
cooked (S-PC), breaded raw and cooked (S-BRC), specialities (S-SP), 
regular canned (S-RC), specialities canned (S-SPC), sun-dried (S-SD), 
and others (S-OTH) including retail sale. Each of these twelve pro­
ducts had a different price in dollars per pound of crab or shrimp. 
In the table, the amount of crab and shrimp consumed is shown for an 
individual industrial activity, and as the percent of the total pro­
duction of the corresponding species. It is significant that the 
overall income from these activities (of crab and shrimp processing) 
increased 54.0 percent from $56.83 to $87.51 per acre per year. This 
increase was in the income of all of the twelve fish processing 
activities as shown in the table. The largest increase of 84.0 per-
cent was in the annual consumption of crab for C-SP. For base case 
the three crab industries consumed 5.97, 3.25, and 90.78 percent 
respectively of the total crab landings and for optimal case, this 
percent disttibution changed to 7.27, 4.55, and 88.18 percent 
respectively. While there was a percentage decrease for C-OTH by 
2.6 percent, the amount consumed by the C-OTH activity was actually 
increased by 1.76 pounds of crab per acre per year. In all cases the 
consumption of the species was always higher due to the increase in 
the optimal landings. 
It is important that the optimal redistribution is determined an 
the optimal landings. Even though there is a change in percentage 
consumption of total landings for an individual industry, there 
would be an increase in total income for that industry. This increase 
means more income for those industries and ultimately more income for 
the region. 
The shrimp industry had nine processing activities, and similar 
to the crab industries, the optimal consumption of shrimp by each of 
these nine activities was larger than the base case consumption as 3hown 
in Table IV-3. 
Thus, from the above discussion, it would be economically bene­
ficial to have the industries operating at the optimal distribution. 
This optimal distribution involves both economic and physical factors. 
Economically, the distribution is beneficial to both the industries 
and the region. The physical factors involve the adjustment in the 
plant production to increase the particular processing activities. 
Also, even if optimal energy flows were not obtained, this allocation 
could be optimized. In this case, the problem would be formulated the 
same way but for these processing activities only. 
The third major income generating activity included in the re­
gional analysis was the recreational activities. The recreational 
activities included sport fishing, pleasure boating, water skiing, and 
beach swimming. As shown in Table IV-4, the optimal number of 
visitors for each activity was larger as compared with the base case 
values. It is significant that this optimal increase in visitors 
would utilize the region to its capacity. 
As discussed in previous chapters and shown in Table IV-4, on 
average each sport fisherman spends $178.0 per year in the region. 
Only $61.54 of $178.0 remained in the region (from Table III-5). 
TABLE IV-4 
Comparison of the Optimal and Base Case Values for Recreational Activities 
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$/acre/yr 120.8 - 19.2 12.8 11.0 163.8 




100.0 33.61 100.0 | 29.1 
This difference was spent for importing the facilities provided to 
each recreator. The detailed explanation of these figures of ex­
penditures and income was discussed in the previous chapter. Also, 
in Table IV-4, the net income is given from the expenditure of visitors 
coming for pleasure boating, water skiing, and beach swimming. 
From Table IV-4, the overall increase in the number of recreating 
visitors must be 37.5 percent. Only 800,000 persons visited the 
region in the base case per year while 1,100,000 were the optimum 
number of visitors. This was the upper limit for the number of 
visitors based on the available area. This upper limit for number of 
visitors was established considering the facilities available to the 
recreators in the region (as discussed in the previous chapter). If 
this number is increased, crowding could occur at the site of recrea­
tion. The more land and water area could have to be developed for 
recreation by providing necessary facilities for more recreators. 
The number of sport fisherman should increase from 550,000 to 
650,000, an increase of 18 percent. For base case, 1.66 persons per 
acre per year were using the region while for optimal case it increased 
to 1.96 persons per acre per year. Subsequently the income increased 
from $102.2 to $120.8 per acre of region per year. Similarly, the 
income from other recreational activities also increased and those 
values are given in the table. In summary, the regional income 
should increase 29.1 percent from $126.9 to $163.8 per acre per year, 
and the number of visitors should increase from 800,000 to 1,100,00 
per year. 
The main factors which controlled the optimal pattern of the rec­
reating visitors are crowding and the available facilities. The 
crowd capacity of the site means the maximum number of recreators, 
a particular site can accommodate. For example, as shown in Table 
I1I-6, 1.21 acres of water and 0.012 acres of land area are needed 
for sport fishing per visitor. If more recreators go for sport 
fishing at this site, crowding would occur therby causing inconven­
ience to all the recreators, as there would not be enough area per 
person. Also, this recreating area must have enough facilities to 
support the corresponding recreational activities. In Barataria 
Bay region 8520 acres of water area and 35 acres of land area were 
available (as discussed in the previous chapter, Table III-6), for 
recreational activities. 
The above discussion presented the results and discussion of the 
optimization of the regional model. As shown earlier, there could 
be an overall increase in the income by 40.1 percent if the optimal 
pattern is obtained. Thus total regional income could be increased 
from $247.1 to $346.2 per acre per year. This analysis did not 
account for the fluctuations in the price (cost coefficient) of vari­
ous (income generating) activities as well as for the variations in 
the availability of the corresponding resources. The effects of 
these variations are very important to analyze the realistic situa­
tions. These effects were studied using sensitivity analysis. The 
results of this study are given and discussed in the following sub­
section. 
Sensitivity Analysis: This is a post-optimal analysis, and it 
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Is used to calculate the range of values where the optimal results re­
main optimal. The methods are given in standard linear programming 
references (Ref. 4.2, 4.3, 4.4). Two types of post-optimal analysis 
were made in this study. The first analysis was performed to find 
the influence of the variations in the landings (availability) of 
commercially important species in the biological energy flow model. 
The landings of the commercially important species, can vary for a 
number of reasons such as natural or man-made disasters, extreme 
variations in environmental conditions such as temperature, and salinity, 
and due to the variations in the demand of those species in the market. 
Also an analysis was performed to evaluate the effects of the varia­
tions in the availability of the area of marsh and water for recrea­
tional activities. 
A second analysis was performed to evaluate the effects of the 
fluctuations in the dockside price of oyster and menhaden, and in the 
selling price of shell fish products.. Additionally, an analysis was 
performed to evaluate the influence of the variations in the expen­
ditures of recreators. The following subsections discuss these re­
sults . 
Variations in Landings (Availability): In Figure IV-2, the effects 
on the commercially important activities are shown for the variations 
in oyster landings from 26.4 to 160 pounds per acre per year. When 
the oyster landings were decreased below 26.4 pounds per acre, the 
optimal solution would no longer hold, and the solution is said to be 
infeasible. This physically means the ecosystem would no longer be 
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(b) Commercially Important Variables vs. Landing of Oyster 
Figure IV-2 Effects of Variations in Landing of Oyster (a) on 
Income and (b)* on Commercially Important Variables, 
Barataria Bay, Louisiana 
As expected, the regional income increased as the oyster landing 
increased, and the income remained unchanged when the catch reached its 
upper optimal value. The total income was $308.0 per acre per year 
when oyster catch was 26.4 pounds per acre. This income increased to 
$345.42 when oyster catch went up to 114.2 pounds per acre per year. 
The results are tabulated in Table IV-5 for all of the species and in 
Figure IV-2, only those variables affected by the variations in the 
oyster landings were shown. 
It is significant from Figure IV-2, that only a few commercially 
important activities were effected, and the others were not changed. 
It was observed that changes in any energy flow effected only those 
flows which depended on that flow. For example, oyster transfers 
energy to mid carnivores, blue crab, benthic detritus, and man (in 
form of landing). When the flow from oyster to man is decreased, the 
other flows could be increased. As shown in Figure IV-2 and Table 
IV-5, the decrease in oyster landing caused the increase in flow of 
energy to blue crab. Consequently the blue crab landing was in­
creased. Here the oyster production remained the same as that in the 
initial optimal case. The flow of energy to shrimp and menhaden were 
not effected. The annual landing of shrimp remained at 85.1 pounds 
per acre and that of menhaden at 1298.0 pounds per acre. 
Referring to the figure the optimal catch of blue crab was 11.2 
pounds till oyster landings became 93.3 pounds per acre. The 
effect of further increase in oyster landing on blue crab landing was 
that its landing decreased and levelled off at 9.8 pounds of crab per 
acre per year. The variations in blue crab catch caused the changes 
TABLE IV-5 
Effects of Variations in Landings of Oyster on Income and on 
Commercially Important Variables, Barataria Bay, Louisiana 
— . 
Optimal Values Initial New Optimal Values 
Landing lbs/acre 114.21 26.40 39.80 53.20 66.60 80.00 93.30 106.70 120.10 133.50 























































































In the percent distribution of crab to its industrial processing ac­
tivities. For example the change in consumption of blue crab by 
C-FFCM and C-OTH followed the changes in blue crab landings as shown 
in Figure IV-2. The reason for levelling-off at constant values was 
that the upper optimal values for landings of oyster acid blue crab, 
and consequently, that for consumption by C-FFCM and C-OTH had been 
reached. In summary, this analysis presented the optimal consumption 
pattern for different values of oyster landings. The decrease in 
landing could be due to the corresponding decrease in demand for that 
species. Also, the consumption of species for industries depend on 
the demand and supply of that species. The important conclusions is 
that the variation in oyster landing changed the landings of the other 
commercially important species in the ecosystem. For example, the 
blue crab was decreased by about 10.7 percent from the optimal income 
of $345.42 per acre per year. The ecosystem was effected, and the 
energy flows had to readjust for the ecosystem to remain balanced. 
In Figure IV-3, the changes in other commercially important 
activities are given due to the variations in brown shrimp landings 
from 23.3 pounds to 70.9 pounds per acre per year..The solution be­
came infeasible if this landing was decreased below 23.3 pounds per 
acre per year. The income of the region increased as the brown 
shrimp landing increased with the income reaching an upper value of 
$345.42 per acre per year. The figure shows only the activities 
which were affected by the variations in the availability of brown 
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(b) Commercially Important Variables vs. Landing of 
Brown Shrimp 
Figure IV-3 Effects of Variations in Landing of Brown Shrimp 
(a) on Income and (b) on Commercially Important 
Variables, Barataria Bay, Louisiana 
TABLE IV-6 
Effects of Variations in Landings of Brown Shrimp on Income 
and on Commercially Important Variables, Barataria Bay, Louisiana 
Optimal Values Initial New Optimal Values 
Landing lbs/acre 46.40 23.30 29.30 35.20 41.20 47.10 53.10 59.00 65.00 70.90 
Income $/acre 345.42 322.41 328.37 334.33 340.29 345.42 — 
1 Landing 
i lbs 'acre 
Oyster 
Menhaden 













































































































Referring to the figure the landings of brown shrimp levelled 
off at 46.4 pounds per acre per year. The optimal annual catch of 
blue crab was 9.9 pounds until shrimp landings became 41.2 pounds per 
acre. This blue crab catch dropped to and levelled off at 9.8 pounds 
per acre when shrimp landing became 46.4 pounds per acre. The varia­
tions in blue crab catch caused the changes in the percent consumption 
of crab to only C-OTH industrial activity as shown in the figure. 
The variations in brown shrimp landings caused quite a few 
changes in the consumption of shrimp (white and brown) by its various 
processing activities as shown in Figure IV-3. For example, S-FFRH 
consumed only 28.1 pounds of shrimp per acre of region (in one year), 
S-PR and S-PC consumed 0.6 and 2.5 pounds, S-BRC and S-SP consumed 
0.95 and 0.36 pounds, S-RC consumed 10.9 pounds, while S-SD and S-OTH 
processed 0.6 and 17.8 pounds of (white and brown) shrimp per acre 
of region per year, when (brown) shrimp landing was 23.3 pounds per acre 
per year. In summary, this figure presented the optimal consumption 
pattern for different values of landings of brown shrimp, and the im­
portant conclusion is similar to that for variations in landings of 
oyster. The landing of other commercially important species are 
effected and the regional income would be changed depending upon the 
changes in the consumption patterns. 
In Figure IV-4, the effects on the number of recreators visiting 
the region are shown for the variations in the water area available 
for recreation. As discussed earlier these recreational activities 
are salt-water sport fishing, pleasure boating, water skiing, and 
beach swimming. The water area suitable for recreation was changed 
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(b) Recreational Activities vs. Availability of 
Water Area 
Figure IV-4 Effects of Variations in Availability of Water 
Area Suitable for Recreation (a) on Income and 
(b) on Recreational Activities, Barataria Bay, 
Louisiana 
2,650 to 9,605 acres of water. The base case otpimal available area 
was 8520 acres of water (Table III-6). When the water area was re­
duced, there was a decrease in the number of visitors for sport 
fishing, pleasure boating, and water skiing. As shown in Figure IV-4 
and Table IV-7, as available area was increased, the number of visitors 
increased and remained constant at their upper limit. For example, 
the annual upper optimal number of recreators were 650,000 persons 
for sport fishing. These changes did not effect the visitors coming 
for beach swimming, because these visitors used only a very small 
portion of the water area. The regional income increased from $287.68 
to $345.42 per acre per year and then remained constant. Results are 
also given in the figure for water skiing and pleasure boating. 
In summary, for less water area the number of visitors was re­
duced as compared to the initial optimal number of visitors. It was 
noted that this area was not for the multiple use and this means the 
area was exclusively available for recreation purposes only. In­
creasing recreational area requires provisions for Increasing facili­
ties needed by recreators in the region which are not presently avail­
able . 
The optimal results were also obtained and analyzed for the 
variations in the landings of menhaden, white shrimp, and blue crab, 
and in the available land area for recreation. The results are given 
in Appendix C for all these cases. To summarize these results, the 
changes in the menhaden landings did not effect thelandings of oyster, 
white and brown shrimp, and blue crab. The consumption of shrimp and 
crab remained unchanged (from its initial optimal value). Also, the 
TABLE IV-7 
Effects of Variations in Availability of Water Area Suitable for 
Recreation on Income and on Recreational Activities, Barataria, Bay, Louisiana 
J— 1 - — 
j Optimal Values Initial New Optimal Values 
( 
Area acres 8520.0 2649.5 3643.1 4305.4 5299.0 6292.6 7613.3 8279.7 8942.0 9604.4 

























































































variations in white shrimp landings did not change the landings of 
blue crab. However, the other effects were similar to those of the 
changes of brown shrimp landing as discussed earlier. The variations 
in the blue crab landings did not affect the landings of oyster, and 
white and brown shrimp. These variations effected landings of menhaden 
by a very small amount. The landings of menhaden increased from 1295 
to 1298 pounds per acre until blue crab landings were less than 9.8 
pounds per acre. The variations in blue crab availability and conse­
quently in its landings caused changes in its distribution to the 
crab processing activities. Very similar effects on the system were 
observed when the changes were made in the land area suitable for 
recreation, as those discussed for the changes in the water area. 
It is significant that the changes in landings of one species 
effected only those species which were dependent (directly or in­
directly) on that particular species. In essence these changes had 
to satisfy the constraints. Also, as landing of any commercially im­
portant species increased, the regional income increased proportionally. 
Variations in Price or Cost Coefficient: The other post-optimal 
analysis was done by changing the dock-side price of oyster and men­
haden, the price of processed varieties of crab and shrimp, and 
changing the expenditure of the recreator. Variations in dock-side 
price of oyster from 43 cents to $1.02 per pound, did not affect the 
optimal landings of oyster itself, menhaden, white and brown shrimp, 
and blue crab (Table C-6 of Appendix C). Also, there were no changes 
in the distribution pattern of crab and shrimp to their processing 
industries. Similar effects were observed for variations in dock-side 
price of menhaden which was changed from 1.3 cents to 6.7 cents per 
pound. From these results, it was concluded that irrespective of 
these price variations the optimal pattern remained the same as 
suggested by the initial optimal analysis. However, it is significant 
that price is not the only criteria which influences the system. The 
biological constraints must be satisfied at the same time. 
In Figure IV-5 and Table IV-8 an important effect of the varia­
tions in the price of fresh and frozen raw headless shrimp (S-FFRH) -
on the consumption in the other processing industries is presented. 
These effects were examined for the variation in price of S-FFRH pro­
duct from 25 cents to $2.14 per pound of the processed shrimp product. 
The base case price of S-FFRH was $1.11 per pound. The optimal annual 
consumption of S-FFRH became 25.1 pounds of shrimp per acre when the 
price was as low as 25 cents per pound of S-FFRH product. This con­
sumption increased to 36.9 pounds of shrimp when the price was in­
creased. This amount increased further at higher prices and became 
constant at 38.6 pounds of shrimp per acre per year when price reached 
at 96 cents for S-FFRH product. Further increase in price above 
$1.66 per pound changed this consumption to 41.9 pounds of shrimp 
per acre. This amount was not effected from then on because the 
upper optimal value for that consumption in the system had been 
reached. At the same time* when price for S-FFRH was 25 cents per 
pound of the processed product, other yearly consumption varied as 
shown in the figure. 
From these results it was concluded that the variations in price 



































(a) Income vs. Price of S-FFRH 
S-FFRH 
Optimal price of S-FFRH: 
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(b) Commercially Important Variable*vs. Price of S-FFRH 
Figure IV-5 Effects of Variations in Price of S-FFRH (Shrimp -
Fresh and Frozen Raw Headless) (a) on Income and 
(b) on Commercially Important Variables, Barataria 
Bay, Louisiana 
TABLE IV-8 
Effects of Variations in Price of S-FFRH (Shrimp - Fresh and Frozen Raw 
Headless) on Income and on Commercially Important Variables, Barataria Bay, Louisiana 
Optimal Values Initial New Optimal Values 
Price $/lb 1.106 0.25 0.49 0.72 0.96 1.19 1,43 1.66 1.90 2.14 
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The consumption increase for those activities which produced products 
of higher prices therby increasing the income for industry and ulti­
mately that of region. As shown in the figure, the total income of 
the region increased as the price of S-FFRH product was increased. 
The income was $315.64 per acre per year when the price of S-FFRH 
was 25 cents per pound and this profit increased linearly to $387.72 
per acre when price reached to $2.14 per pound. 
The effects for the variations in the net income from the expen­
diture of recreators visiting the region for pleasure boating were 
determined. For variations in the net income from $10 to $82 per 
visitor per year, the results are shown in Figure IV-6. The number 
of visitors were 0.3 persons per acre of region for pleasure boating 
and 0.45 persons for water skiing, when the net income was $10 per 
visitor. These values remained constant until the net income was $46 
per visitor. For further increase in net income, "the optimal values 
of visitors became 0.45 persons;per acre of region for pleasure boat­
ing activity and that for water skiing became 0.3 persons per acre 
per year. As shown in this figure and Table IV-9, these values re­
mained constant for further increase in the net income. 
These varinrtoH® in expenditures and net income did not influence 
the optimal number of visitors coming for sport fishing and beach 
swimming. These values remained at 1.96 persons for sport fishing 
and 0.6 persons for beach swimming per acre of region per year. As 
shown in the figure, the total income was increased from $335.64 to 
$363.36 per acre per year. In this model, the visitors coming for 
































Optimal Net Income from Expenditure of a 
Recreator visiting for Pleasure Boating: 
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Net Income from Visitor Coming for Pleasure 
Boating $/person/yr 
(b) Recreational Activities vs. Net Income from 
Pleasure Boating 
Figure IV-6 Effects of Variations in Net Income of Region 
From Expenditure of a Recreator Visiting for 
Pleasure Boating (a) on Income and (b) on 
Recreational Activities, Barataria Bay, Louisiana 
TABLE IV-9 
Effects of Variations in Net Income of Region From Expenditure of a Recreator 
Visiting for Pleasure Boating on Income and on Recreational Activities, Barataria Bay, Louisiana 
Optimal Values Initial New Optimal Values 
Net Income $/acre 42.40 10.00 19.00 28.00 37.00 46.00 55.00 64.00 73.00 82.00 


























































































It was concluded that since there was enough recreational water area 
available, the variations In expenditure and net income of the region 
from recreators could not vary the optimal pattern of the number of 
recreators for various recreational activities. 
The sensitivity analyses were also studied for the variations 
in the price of crab processed products including C-FFCM, C-SP and 
C-OTH, other shrimp processed products including S-PR, S-PC, S-BRC, 
S-SP, S-RC, S-SPC, S-SD, and S-OTH, and for the variations in the ex­
penditure of recreators visiting the region for sport-fishing, water 
skiing, and beach swimming. These results are plotted and tabulated 
in Appendix C. To summarize these results the variations in the price 
of crab processed products did not change the internal consumption of 
crab to the corresponding industries. Thus, the system remained un­
changed from its initial optimal status. The price of C-FFCM changed 
from 46 cents to $3.60 per pound of the processed product increasing 
the total income of the region by $2.28 per acre per year. For C-SP, 
the price varied from 18 cents to $1.52 per pound. These variations 
increased the total income by only 53 cents per acre of region per 
year. The income increased by $1.55 per acre per year as price of 
C-OTH changed from 3.4 cents to 21.3 cents per pound. Consequently, 
It was concluded that the price variations of crab products were not 
significant so that its consumption would change from the initial 
optimal values. 
For shrimp, the variations in price of various products changed 
the consumption pattern for some of the shell-fish processing indus­
tries. Variations in price of S-PR changed the consumption among 
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S-FFRH and S-PR only (Appendix C). When price became $1.19 per pound 
of S-PR, S-FFRH processed 38.1 pounds of shrimp instead of 38.6 per 
acre per year and S-PR processed 1.3 pounds of shrimp instead of 0.8 
per acre of region per year. The price of S-PR was changed from 19 
cents to $1.53 per pound of S-PR product. All of these results are 
given in Appendix C. 
In conclusion, the consumption of shrimp increased for the 
activity which produce high priced product such as S- FFRH. Total 
consumption was fixed by the optimal landings. Consequently the 
consumption for other industries decreased to match the increase in 
the previous activity. 
In the above paragraphs the results of optimization and sensi­
tivity analyses were discussed. The effects of the variations in 
marsh and water area were examined for the biological energy flow 
model. The reaults of these variations are discussed in the following 
section. 
Biological Energy Flow Analysis 
The biological energy flow model consists of 38 species in the 
marsh, water, and sediments of the Barataria Bay ecosystem. It has 
linear, steady-state, yearly averaged biological energy flows among 
these species. This biological energy flow model was used in two 
case studies. One of these analyses studied the effects of the vari­
ations in the area of marsh and water on the biological energy flows, 
and the other examined the effects on the same for the distribution 
of organics in the estaurine area. The following were used as a 
basis for the study. 
1. Increase in marsh would cause a corresponding decrease in 
water area and vice versa. 
2. The additional areas of marsh and water have the same 
productivity as that in the base case. 
3. In case of no marsh (elimination of marsh), the basic 
requirements of marsh as nursery grounds is provided by 
the water and sediments. 
4. Distribution of organics on the marsh from external sources 
would go into the detrital chain. 
Variations in the Area of Marah and Water: As shown in Table 
IV-10, four cases were studied and compared with the base case as 
given in Table IV-11. Referring to Ca3e II in the table, the marsh 
area was increased from 43.5 percent to 75 percent of the total area. 
This means area of marsh was increased from 144,000 acres to 248,000 
acres and that water was decreased from 187,000 to 83,000 acres. For 
this case, the primary productivity from the ..marsh was increased and 
the primary productivity from the water was decreased. Referring to 
the table, the production for commercially important species de­
creased. The landing of oysters decreased by 9-9 percent and the 
landing of menhaden decreased by 5.2 percent. The landing of white 
and brown shrimp decreased by 13.8 and 15.0 percent respectively, 
while that of blue crab decreased by 2.4 percent. This changes in 
landings would decrease overall landing income by 9.24 percent to 
$80.54 per acre per year. The results of the status of other flows 
are given in Appendix D. 
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TABLE IV-10 
Area for Various Cases of Energy Flow Analysis of Biological Energy 
Flow Model, Barataria Bay, Louisiana 
Cases Description 
Area in 1000 Acres 
Marsh Water 
A. Variations in Area of Marsh and Water 
I Base Case 144 187 
II Increase in Marsh 248 83 
III Decrease in Marsh 83 248 
IV Elimination of Marsh 0 331 
V Catastrophe 144 187 
B. Distribution of Organics 
I Distribution of Particulate 
Organics 144 ! 187 
II Distribution of Dissolved 
Organics 144 1 187 
TABLE IV-11 
Effect of Variations in Area of Marsh and Water on Landings of Commercially Important Species, 
Barataria Bay, Louisiana 
Case 
Percent of 














































































































































































Change -29.4 -38.7 -22.1 -19.6 •44.7 
These results are counter-Intuitive since an increase in commer­
cially inportant species would be expected from an increase in marsh 
grass. However, the commercially important species consume more food 
(and energy) from the water column and sediments than from the marsh. 
For example (as shown in Figure III-2), oysters consume 100 percent 
of its food (and energy) from the water column. The water species, 
phytoplankton (primary productivity), provide 60 percent, and the 
rest of the intake comes from particulate organics which is detrital 
source in water. Similarly, menhaden, shrimp, and blue crab consumed 
most of their food (and energy) from water or sediment sources. In 
another example shrimp consume energy from five sources, four of which 
are sediment sources: benthid diatoms, benthic detritus, amphipods, 
and meiobenthos, and the fifth is import of energy from the Gulf. 
2 
The total energy from water and sediment of 584 gorg'm /yr is larger 
,  2 ,  
as compared with 103 gorg/m /yr of energy from marsh to benthic 
detritus. 
In the next case, the percentage of marsh and water area was 
taken as 25 percent to 75 percent. This means the area of marsh was 
decreased from 144,000 to 83,000 acres and that of water was increased 
from 187,000 to 248,000 acres. There would be an increase in the 
primary productivity in water and a corresponding decrease in marsh 
from the base case. As shown in Table IV-11,the landing of commer­
cially important species increased from those of in base case. The 
percent increase in this case was in the range of 2.4 percent for 
blue crab to 15.0 percent for brown shrimp. These changes increased 
the landing income by 9.24 percent giving $96.7 per acre per year. 
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Thus, the production of commercially important species increase with 
increased energy flows from species present in the water and sediments. 
In summary, these results are contradictory to the general 
belief among ecologists that the production of estuarine species could 
be increased by increasing marsh area. Historically, the region is 
loosing about 3200 acres of land per year due to natural processes 
"&s a result of 0.3 percent more water area) and man's activities such 
as dredging (as a result of 0.26 percent more water area). This de­
crease in land area represent an increase of about 0.56 percent per 
year in water area in the greater Barataria Bay region (Ref. 4.14). 
Also, historically, since 1930'e the catch has not changed signifi­
cantly (Ref. 4.15). These historical trends support these results 
as long as the ecosystem remains stable. The results of these 
analyses depended on the structure and formulation of the energy flows 
among the species in the system. The biological energy flow model 
is the key factor in these analyses and the biological energy flow 
model used in this study incorporates the best present understanding 
of the estuarine ecosystem (of Barataria Bay) by ecologists. 
The lower bound that would be obtained with the model, for elim­
ination of the marsh area was evaluated. This means the estuary 
would have 331,000 acres of water area and no marsh. In this case 
the basic requirements of marsh as the nursery grounds was assumed 
to be provided by the water and sediments. From Table IV-11, the 
landings of all the species increased in the range of 7.9 to 61.3 
percent. This produced an increase in the regional income to $121,3 
per acre per year, an increase of 36.8 percent. Although this is 
probably a physically unreaslzable case because of the role of the 
marsh grass in nutrient cycling, etc., it shows the results for this 
lower bounds. 
A "no-marsh" case which is probably more realistic within the 
framework of the model is the effect of the complete (catastrophic) 
destruction of marsh grass by a natural catastrophy such as disease 
or by man-made catastrophy such as oil spill. From Table IV-11, the 
regional Income decreased by 31 percent from $88.6 to $61.2 per acre 
per year. The landings of commercially important species for this 
case decreased in the range of 19.6 to 44.7 percent. The largest 
decrease was for blue crab landing which went from 7.6 to 4.2 pounds 
per acre per year, 44.7 percent. 
It is significant that if the major marsh energy source was 
destroyed, this type of catastrophy would give a severe economic 
shock to the region by decreasing the production and landings of 
commercially important species. The results of the status of other 
energy flows are given In Appendix D. 
Distribution of Organlcs: As seen from the previous study, 
the dissolved and particulate organlcs in the detrital pool are the 
key to the production of the commercially important species in the 
region. These materials play a vital role in marine ecology in 
general since they provide parts of the energy, food, vitamins, and 
other requirements for bacteria, plants, and animals (Ref. 4.17). 
The addition of dissolved and particulate organlcs to the system 
should have a beneficial effect, and this part of the study was aimed 
at evaluating the effect of introducing these materials into the 
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ecoayotem. Energy flow values were obtained for the annual distribution 
2 
of these organics from 0.4 tons per acre per year (100 gorg/m /yr) to 
2 
2.0 tons per acre per year (500 grog/m /yr). These organics could be 
obtained from the fisheries processing and municipal wastes. Using 
these wastes two aims could be served. One is the elimination of 
pollution and the second would be so called converting the pollution 
source into an economic advantage. In the following discussion, first 
the effects of the distribution of organics on the landings of commer­
cially important species are presented. Then the economic advantage 
to the region is evaluated for the distribution of these organics. 
This is followed by an illustration using the waste from the menhaden 
industry, and a discussion of the implementation of this distribution. 
In general, these distributions increased the production of com­
mercially important species. The landing values of these species and 
the percent change from base case landings are given in Table IV-12 
for the distribution of particulate organics. As shown in the table, 
for distribution of 0.4 tons/acre/yr of particulate organics, the 
landing of oyster could increase by 11.0 percent from its base case 
landing, and menhaden landing could increase by 8.7 percent. The landings 
of white and brown shrimp could increase by 4.5 and 4.1 percent respec­
tively and the blue crab landing could increase by 9.4 percent. 
The increase in the landings of the commercially important 
species were different for the distribution of dissolved organics. 
The results for this distribution are presented in Table IV-13. As 
2 
shown in the table, when the same amount (100 gmorg/m /yr or 0.4 tons/ 
acre/yr) of dissolved organics were distributed, the annual landings 
of oyster could increase by 6.5 percent and that for blue 
TABLE IV-12 
Effect of Distributing Dissolved Organics in the Estuary on Landings of Commercially 
Important Species of Barataria Bay, Louisiana 
Base 
Case Landing of Various Species 
Amount Amount2 
eorg/m /vr 0 100 200 300 400 500 
Amount 
tons/acre/vr 0 0.4 0.8 1.2 1.6 2.0 
Oyster 
Landing 
lbs/acre/yr 634 67.5 71.6 75.7 79.8 83.9 
Percent 
Change 0 6.5 13.0 19.4 25.9 32.4 
Menhaden 
Landing 
lbs/acre/yr 1026.5 1155.4 1284.2 1413.0 1541.9 1670.8 
Percent 
Chanee 0 12.6 25.1 37.7 50.2 62.8 
White 
Landing 
lbs/acre/yr 28.9 30.8 32.6 34.5 36.4 28.3 
Shrimp 
Percent 
Change 0 6.6 13.2 19.8 26.4 33.0 
Broim 
Landing 
lbs/acre/yr 31.8 33.5 35.2 36.8 38.5 40.2 
Shrimp Percent 




lbs/acre/ yr 7.6 8.1 8.6 9.1 9.6 10.1 
Percent 
Change 0 7.1 14.1 21.2 28.2 35.3 
TABLE IV-13 
Effect of Distributing Dissolved Organics in the Estuary on Landings of Commercially 
Important Species of Barataria Bay, Louisiana 
Base 




gorg/m /yt 0 100 200 300 400 500 
Amount 
tons/acre/j< 0 0.4 0.8 1.2 1.6 2.0 
Oyster 
Landing 
Ibs/acr eh* 63.4 70.3 77.3 84.1 91.1 QR.1 
Percent 
Change 0 11.0 22.0 32.8 43.8 54.8 
Menhaden 
Landing 
lbs/acre/> 1026.5 1116.1 1205.8 1295.5 1385.1 1474.7 
Percent 




lbs/acre/ 28.9 30.2 31.5 32.8 34.2 35.5 
Percent 




lbs/acre/It 31.8 33.1 34.4 35.6 36.9 38.1 
Percent 




lbs /acreWi 7.6 8.3 9.0 9.7 10.4 11.2 
Percent 
Change 0 9.4 18.8 28.3 37.7 47.1 
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crab by 7.1 percent. These increases were less than the increases in 
the previous case of distribution of particulate organics. On the 
other hand, the increase in production and landings of menhaden and 
shrimp were more than that in the case of particulate organics dis­
tribution. As shown in the table for 0.4 tons/acre/yr of dissolved 
organics, the menhaden landing could increase by 12.6 percent. The 
landings of white and brown shrimp could be increased by 6.6 and 5.2 
percent. 
From these results it was concluded that the organic distribution 
in estuarine area could increase the production and landings of com­
mercially important species. It could be economically beneficial for 
the region to distribute these organics in the estuarine area. These 
benefits were evaluated for the annual distribution of 0.4 tons per 
acre of particulate and dissolved organics. As shown in Table IV-14, 
the total income increased by $8.61 per acre per year for the dis­
tribution of particulate organics. Though this was only a 7.2 per­
cent increase, it is potentially a $2.85 million ($2,849,900) increase 
in one year for the Barataria Bay region. For the distribution of 
dissolved organics, the increase in total income was by $9.66 per 
acre per year. Though this was only a 8 percent increase, it is 
potentially a $3.2 million ($3,197,460) increase in one year for the 
Baratarai Bay region. 
To distribute 0.4 tons of organics per acre per year, the 
Barataria Bay region (331,000 -acres) would require 132,400 tons of 
organics in one year. As discussed earlier, these organics could be 
obtained from fisheries and municipal wastes. Day et. al (Ref. 4.18) 
TABLE IV-14 
Economic Benefits Obtained by the Region After Distributing the Particulate or Dissolved Organics 




After Distributing 100 gm/m or 0.40 tons/acre of Organics 





















Oyster 63.4 27.45 70.3 30.44 2.99 67.5 29.23 1.78 
Menhaden 1026.5 35.93 116.1 39.06 3.13 1155.4 40.44 4.51 
Shrimp 60.7 55.26 63.3 57.57 2.31 64.3 58.51 3.25 
Blue Crab 7.6 1.71 8.3 1.89 0.18 8.1 1.83 0.12 
Total 1158.2 120.35 1258.0 128.96 8.61 1295.3 130.01 9.66 
Total Addition­
al Income for 
Region $/yr 2,849.900 3,197.46C 
demonstrated the beneficial application of menhaden waste which has 
high nutrient levels in brackish and saline water marsh habitats. 
They have estimated that the productivity in marsh would improve by 
about 20 percent. 
Rao et.al. (Ref. 4.5, 4.6) have reported that menhaden plant 
has mainly two waste streams, bail water and stick water. They have 
given the chemical characteristics of these two streams and these 
are presented in Table IV-15. The bail water contains about 2.5 
percent organics and stick water contains about 7.0 percent of 
organics. 
Thus, the menhaden industry could distribute its waste in the 
estuarine area for the economic benefits of the region. However, by 
doing this, the industry would lose the income that could be obtained 
by recovering by-products such as protein from the wastes. Conse­
quently the distribution of wastes would not be directly beneficial 
to the industry. However, local or state government could give tax 
credits to the industry for distributing the organics contained 
wastes into the estuarine area in a suitable fashion. In return for 
this tax credit, the industry could use the funds to construct and 
operate the necessary distribution facilities. This tax credit 
should be proportional to the organics provided by the industry. 
Also, the distribution must meet the standards which would not damage 
the ecosystem from excessive organic loadings. 
As discussed earlier, the Barataria Bay region would require 
132,400 tons of organic per year for the regional income to be in­
creased by about 7.0 percent. Let us see that how much organics 
TABLE IV-15 










Moisture (water) percent 97.16 93.1 
Crude Protein percent 1.02 4.50 
Fat percent 0.10 1.40 
Ash percent 1.40 1.13 
Total solids percent 2.84 6.90 
Suspended Solids mg/l 550 -
Dissolved Solids mg/l 2,365 -
1 From: Rao, M.R.R., R.W. Pike, A.F. Novak, and T. B. Ford, "Studies on 
The Clarification of Menhaden Bail Water," A Report, Center for Wet­
land Resources, Louisiana State University, Baton Rouge, Louisiana, 
p. 33, (Nov. 1973). 
2 From: Rao, M.R.R., R. W. Pike, A.F. Novak, and T.B. Ford, "Pollution 
Abatement and By-Product Utilization in the Louisiana Menhaden Indus­
try," A Report, Center for Wetland Resources, Louisiana State Univer­
sity, Baton Rouge, Louisiana, p. 36, (Nov. 1972). 
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cculd be obtained from the waste of one menhaden plant. Rao et. al. 
(Ref. 4.5) have reported that one menhaden plant produces 23 thousand 
gallons of bail water and 43.7 thousand gallons of stick water in one 
day. The menhaden plant operates for a period of about three months. 
Consequently, each plant would produce about 2.07 million gallons of 
bail water and 3.93 million gallons of stick water in one year (for 
90 working days). This could have the bail water providing about 196 
tons of organics and stick water providing about 1037 tons of prganics 
annually. Thus, as annual total of 1230 tons of organics could be 
provided by these two effluents of menhaden waste from one plant. 
There are nine menhaden plants in the state of Louisiana. However, it 
would not be economically feasible to distribute waste from all of 
these plants in this particular area because of the distance between 
the plant and the estuary. Consequently the other potential sources, 
such as municipal waste, must be evaluated to meet the potential 
annual requirements of 132,400 tons of organics by Barataria Bay 
region. The composition of these wastes must be known so that the 
availability of organics could be determined. The total cost of 
distribution should not be more than the additional income projected 
as a result of this distribution. As shown earlier, this additional 
income would amount to about $3 million per year. 
From these results it was concluded that the production and 
landings of commercially important species could be increased by dis­
tribution organics in the estuary. These organics could be ob­
tained from fisheries wastes. A tax credit could be offered to the 
industry by the local or state government for distributing its waste 
in the area. 
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Comparison with Other Studies 
As shown in Chapter II, no work was found to envelop all aspects 
of regional analysis. Consequently, it is not possible to compare 
directly the results and conclusions of this research with previous 
studies. However, an attempt is made to present comparisons qualita­
tively and if possible, quantitatively with the other studies. 
As discussed earlier Isard (Ref. 4.7, 4.8, 4.9, 4.10, 4.11, 4.12) 
had presented extensive work in the area of regional analysis. He 
(Ref. 4.8, 4.9, 4.10) suggested linking of economic and ecological 
activities to enlarge the aspects of the analysis. Also, he presented 
the results of this combined analysis (Ref. 4.9), and they have been 
reviewed in Chapter II. These results are not comparable to the 
results of this research, but qualitatively speaking, this research 
project also coversd a wide area. Isard et.al. (Ref. 4.9) quantita­
tively studies the Plymouth-Kingston Duxbury Bay region linking eco­
nomic and ecologic system, especially with regard to recreational 
complex development. This area had no significant activity for com­
mercial fishing and industrial development. They applied a benefit-
cost analysis to three hypothetical sites for marina construction 
and suggested the best site based on the best economic and ecological 
point of views. The economic-ecological frame work was used in a 
very limited manner for this case study. They did not use a mathe­
matical programming approach to identify an optimal size and compo­
sition for the complex. However, they have reported that this could 
be done since the constraints of the system could be specified, and 
an objective function to maximize return on investment could be formu­
lated . 
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In another study Isard et.al. (Ref. 4.10) discussed a hypotheti­
cal example for constructing highway to Duxbury Beach. Two alternative 
policies for a highway route were studied. In the case of minimizing 
road construction costs, the highway had to pass through Duxbury Marsh, 
and this would result in a loss of recreational sportfishing benefits 
of $18,000. Conversely, the policy to conserve the productivity of 
Duxbury Marsh resulted in increased interest charges of $31,000 on 
the larger capital investment in access roads to the beach. 
The most important contribution of this research as well as that 
of Isard et.al's work is the development of methodology. This method­
ology proved that many of the techniques employed in engineering, 
economics, and regional science can be extended and reformulated to 
be applied to include the ecological system. It is now feasible to 
combine both the economic and ecological systems with their mutual 
relationships and interdependencies. 
In another work, Gosselink et.al. (Ref. 4.13) estimated the value 
of tidal marsh in monetary terms. They estimated that a minimal value 
is about $100 per acre per year for march just from the standpoint of 
fishery and recreation. Also, they estimated that the non-competing 
uses approaches an ecological life-support value of about $4000 per 
acre per year, based on the gross primary productivity (in energy 
terms) of the natural marsh, using a conversion ratio from energy to 
4 
dollars (10 kcal =1.0 dollar) based on the ratio of Gross National 
Product to National Energy Consumption. 
The comparison is presented in Table IV-16 for the values esti­
mated by Gosselink et.al (Ref. 4.13) with those calculated in this 
TABLE IV-16 
Comparison of Values of Marsh 
Activity Estimated Calculated 
Valus* per acre Value^ per acre 
per year per year 
Fishery and 
Processing $48 $120 
Recreation $853 $127 
1. From: Gosselink J. G., E. P. Odum, and R. M. Pope, "The Value 
of the Tidal Marsh," Unpublished Work, Marine Science Depart­
ment, Louisiana State University, Baton Rouge, Louisiana (1973). 
2. From: Table IV-1. 
3. From: Gosselink et.al.^" - Value for Georgia Coast. 
II ' 
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research. As shown in Table IV-16, Gosselink et.al. estimated $48 
per acre per year for Louisiana from fishery and (fish) processing 
activities. This value was estimated to be $120 per acre per year 
for Barataria Bay (as shown earlier). The difference is due to the 
following reasons. 
1. Gosselink et.al. estimated values for the entire state of 
Louisiana and they included both saline and brackish marsh. We cal­
culated this value only for Barataria Bay saline marah which provides 
40 percent of the state's fisheries. 
2. Gosselink et.al. used 75 percent of dockside value as the 
processing value (income for processed fish). We used the actual in­
come reported for the various processed fish products. 
3. The productivity of region differs from one region to the 
other region. 
For income from recreation, as shown in Table IV-16, Gosselink 
et.al. used an estimate of $85 per acre per year which was for the 
Georgia coast. The income from recreation in Barataria Bay of $127 
per acre per year has been estimated in this work. The reasons for 
this variation are listed below. 
1. Expenditure per visitors is different in both the regions. 
2. The area (in acres) available for recreation are different. 
3. Number of visitors is greater in Barataria Bay (about 
550,000) than those in Georgia coast (about 281,000). 
In summary, the above discussion presented a qualitative compari­
son of this research with Isard et.al's work. As mentioned earlier, 
the Isard et.al.'s work was used as a starting point for this research. 
11 
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Both studies developed the methodology to analyze the region (applying' 
engineering and economic techniques) combining the economic and eco­
logical systems. Then a comparison has been given for the value of 
marsh in dollars per acre as estimated by Gosselink et.al. (based on 
fishery and recreation only) with the value estimated in this research. 
Summary 
In this chapter, the results of linear programming analysis are 
presented for regional model. The model was optimized, and also eval­
uated by post-optimal analyses for availability of various resources 
and for the variations in price of individual activity. Then the 
biological energy flow model was analyzed for variations in the area 
of marsh and water. These effects were examined and followed by the 
determination of status of biological energy flows among species for 
each case. Then the ecosystem was analyzed for distribution of par­
ticulate and dissolved organics. The chapter was concluded by 
comparing this research with other works. In the following chapter, 
system simulation is presented as an alternate approach to analyze 
the ecosystem. This is followed by conslusions from this research 
and recommendations for further research. 
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CHAPTER V 
ALTERNATE APPROACH-SYSTEM SIMULATION 
The previous chapters have disucssed the use of the optimization 
techniques (mainly linear programming and benefit-cost analysis) to 
analyze the natural systems including the effects of biological food-
webs, recreation models and the economic impact models. Another 
approach, system simulation, is introduced in this chapter. This 
approach could be used with the similar efficiency for analysis of the 
models. First the method will be introduced and then the pertinent 
literature will be reviewed followed by the listing of the steps of 
the technical apporach. Then the model for shrimp harvest in Bara-
taria Bay will be presented followed by the results and discussion. 
The chapter will be ended with conclusions about the results and 
recommendations to extend the model. 
Introduction " 
System analysis attempts to determine those variables which are 
important in a system, and system simulation is another facet of the 
system approach. System simulation is the operation of a model, in­
stead of the real system in order to study the response of the system. 
In doing this, a large range of parameter values of the system are 
employed. Essentially the simulation checks the consistency of the 
system related thinking and the relevance of its assumptions about 
what is important in the real system. The simulation model is 
structurally composed of logical operation blocks that are interre­
lated in sequence. Some of the logical manipulation blocks can also 
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be expressed mathematically. The processing of information in the model 
is such that the real system should be simulated. 
The quality of the simulation model depends upon two factors. 
The first factor is the amount of the useful information that is de­
veloped for a description of the real system. The other important 
factor is the construction of an "effective function" of the system. 
This function is very similar to the objective function in linear pro­
gramming. The effective function is mainly used to represent the 
economic value of the results obtained from the simulation model. An 
evaluation of the results of system simulation is used to predict or 
to control the design parameters of the given system for least costs, 
maximum output, or maximum profit of the region. 
Literature Review 
The system simulation technique is widely used in management 
studies and details of the system simulation technique may be obtained 
from the books by Emshoff (Ref. 5.1) and Mize (Ref. 5.2), or from a 
work of Bruckner (Ref. 5.3). In applications to ecology, Patten (Ref. 
5.4) suggested that computer simulation in addition to modeling is 
needed for fisheries management. He explored a six-compartmental 
food web model of the English Channel ecosystem in detail. He also 
used ecosystem sensitivity analysis to quantify direct and indirect 
interactions between components. Basically, the sensitivity analysis 
gives the amount a component of the system changes as a result of 
change in some other variable of the system (Ref. 5.4, 5.5). 
In another study Dale (Ref. 5.6) modeled the precipitation-
evapotranspiration (PET) system and showed that an ecological model 
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could be analyzed using system analysis technique. Furthermore he 
compared the two possible programming forms, namely periodic and event-
time forms, and reported that the eventtime form was more efficient 
for programming that model. He also discussed the advantages and dis­
advantages of using the model system and suggested that the analysis 
of the model system should be used as a guide to the management of 
the real system. 
Kaye et.al. (Ref. 5.7) developed and analyzed a model of radio­
nuclide transfer in a tropical environment, using ecosystem sensitivity 
analysis and frequency response techniques with linear differential 
equations and constant coefficients. They also estimated the possible 
radiation doses to indigeneous man. 
Odum (Ref. 5.8) discussed the electrical (analog) simulation of 
various energy networks. He showed that this technique could be used 
to simulate various balanced ecosystems such as aquatic closed eco­
system, terrestrial mocrocosm, cycle of materials between production, 
respiratory consumption processes, and fish yield rates on digital/ 
analog computers. 
Van Dyne (Ref. 5.9) suggested the use of systems approaches as 
a guide to managerial decisions for resource management. He specifi­
cally discussed grassland management. He gave the examples of 
herbage biomass and of total-system energetics models. In his study, 
he concluded that systems approach is essential if one wants to 
analyze the real world complex problems of ecosystems. 
Patten (Ref. 5.5) discussed ecological modeling and simulation 
with analog and digital computers. Patten has given detailed analysis 
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of various simulation models such as a general population model, a 
forest floor arthropods model, the wolves of Isle Royale model and 
an energy flow model in Cedar Bog Lake, Minnesota. He presented the 
general population model to introduce the analog simulation. Using 
the forest floor arthropods model, Patten demonstrated that the simu­
lation method was useful to predict ecological phenomena related to 
forest floor arthropods. Furthermore, he presented the analyses and 
compared linear and nonlinear models for the wolves of Isle Royale 
and concluded that both models were 'satisfactory' for simulating 
real system behavior. Patten also presented linear and nonlinear 
systems describing the energy flow model in Cedar Bog Lake of 
Minnesota. He also compared the model for three and ten compart-
mental systems. Patten said that none of these energy models could 
be employed in speculations concerning the nature of ecosystems -
because the principal foundation for much of this modeling was educated 
guesses. As he further mentioned, the final form of the model had 
pedagogical rather than analytical value. 
Inoue (Ref. 5.10) suggested a unique concept model for a system 
simulation approach to optimize saury harvesting. He considered the 
impacts of such important factors as the harvesting technique and 
weather on saury harvesting. 
Technical Approach 
The technical approach of the simulation technique includes form­
ulating a concept model, developing an algorithm from this model, 
formulating an economic model consistent with the concept model and 
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performing computations with these models to determine best ways for 
the system to function. This approach is summarized below (Ref. 5.1, 
5.2, 5.3). 
Formulation of the Concept Model: A concept model represents the 
interrelations in sequence among the components of the actual system. 
Different input variables to the system, system parameters, and desired 
output variables from the system are also determined along with the 
system boundaries. Selection of the variables is adopted so that the 
cost and the difficulty in data gathering are predictable and also 
at the minimum level. 
Formulation of the Algorithm: Relations and interdependence of 
different subsystems or components are expressed using either logical 
or mathematical expressions. The basis for this is the behavioral 
pattern of the actual system. If the situation is unknown, then trial 
and error is required to formulate the necessary algorithm(s). 
Formulation of the Effective Function: The objective of the 
research is the basic criteria in the formulation of the effective 
function. The effective function includes the economics (monetary 
value) of the components in the system. In other words, the effective 
function is the logical economic setting of the system. As mentioned 
earlier, this effective function is similar to the objective function 
in linear programming. 
Computation for Different Alternates: Different alternate solu­
tions can be obtained by two methods. One is the case study method. 
This method uses the different values of some of all of the input 
variables which can be controlled. The other method is known as the 
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possible change of the effective function. This possible change could 
only be used if the basic economic value of the components of the 
system could be varied; and this requires the improvement in the 
efficiency of the system. Only one of the above two methods can be 
used at one time. 
Selection of the Optimum Solution: All the alternate solutions 
are generally converted to get economic answers for easy comparison. 
The best beneficial answer is chosen by exhaustive search as the opti­
mum solution. 
Modeling 
The logical methodology of the simulation technique was discussed 
in the previous section. A concept model was prepared to simulate 
the shrimp production because shrimp is one of the most economically 
important fisheries for the state of Louisiana. First, this section 
reviews the background of the concept model and then discusses the 
analysis of the model. 
Background Review of the Concept Model: The background (pattern) 
of the concept model is schematically presented in Figure V-l. This 
figute can be described as a skeleton of the concept model. As shown 
in this figure, water temperature and salinity are important parameters 
for the shrimp production. This concept is backed by the experimental 
work of Zein-Eldin and Aldrich (Ref. 5.11). These experimental data 
have shown that water temperature and salinity are important variables 
in growth and survival of shrimp. So these results can be used to 
develop a mathematical submodel to calculate the percent of shrimp 















Figure V-l Modeling Concept for Simulation 
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(Ref. 5.12) also concluded that water temperature and salinity were 
very important parameters of shrimp harvest. He used the stepwise 
regression technique for the analysis. 
In addition, as also shown in Figure V-l, another submodel can 
be developed to predict gross shrimp production for given water tem­
perature and salinity. Knowing this gross shrimp production and the 
calculated rate of survival, the net shrimp production can be evaluated. 
Furthermore, Stone (Ref. 5.12) and Hacker (Ref. 5.22) showed that 
air temperatures have a significant impact on water temperatures in 
shallow estuaries such as Barataria Bay. So a casual relationship 
between these two variables can be established. Then this casual 
relationship can be used to predict water temperature knowing the 
values of air temperature. This conceptual step is also shown in 
Figure V-l. 
The above background was used to develop the concept model for 
shrimp harvest. The details of the model and its analysis are dis­
cussed in the next subsection. 
Analysis of the Concept Model: This subsection represents the 
formulation and the analysis steps of the concept model which has 
been discussed earlier. All of the logical steps and interdependent 
information flows of the concept model are shown schematically in 
Figure V-2 in the form of a block diagram. Each block in the diagram 
represents one of the variables on the system. As shown in this 
figure, the concept model was categorized into three subsections; 
INPUT, SUSTEM BOUNDARY, and OUTPUT. The two parameters, the air 
temperature and salinity were chosen as input parameters. The 
Air 
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Figure V-2 Simplified Simulation Concept Model for Annual Shrimp Productivity in Barataria Bay, Louisiana 
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system boundary consists of development of various mathematical sub­
models and the logical steps of simulation to reach the desired output 
parameters, if the input parameters are given. The catch (landing) 
and the profit (in terms of dollars) of the region were considered as 
desired output parameters. The type of data to be supplied, calculated, 
and analyzed are listed in Table V-l. The monthly average values of 
the input parameters, air temperature and salinity, were used and the 
actual values of these parameters were assumed to be normally distri­
buted around their mean values. 
Three mathematical submodels were developed to use in the simu­
lation analysis. As shown in Table V-2, these submodels are Tempera­
ture, Production, and Survival. The Temperature submodel predicted 
water temperature using air temperature data. This model was formu­
lated using the lease square curve fitting technique for historical 
data of air and water temperature. The Production submodel was used 
to predict gross shrimp production using water temperature. This 
model was developed using Statistical Analysis System (SAS) techni­
que (Ref. 5.13). The Survival submodel was used to predict survival 
rate of shrimp knowing the values of water temperature and salinity. 
This model was also developed using SAS from the historical data of 
survival, salinity, and water temperature (Ref. 5.11). The data for 
these three submodels are presented in Appendix V-A. The programs 
used for SAS and the least square technique have also been listed in 
the Appendix. 
The steps of the simulation analysis are summarized as follows: 
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TABLE V-l 
Classification of System Parameters for Barataria Bay Simulation Concept 
Model of Shrimp Productivity 
No. Category Parameter Dimension 




2 System salinity distribution 
water temperature 
distribution 
salinity effect on 
shrimp production 






lbs. of shrimp/ppt. 
lbs. of shrimp/0F 
lbs. of shrimp/month 
percent 
3 Output catch distribution 
for shrimp 
economic evaluation 




Mathematical Submodels Used in Simulating Shrimp 
Production for Barataria Bay, Louisiana 
1. Temperature: 
T 
Water Temperature* T 
w 
S 
C1 + C2 TA + C3 T1 
2. Production: 
Gross Shrimp Production S3 exp (-2.71 - 0.22 T + 0.02 T2) 
w w 
January to May 
62.52 - 2.07 T 
w 
May to July 
exp (-5.15 + 0.16 T ) 
July to December 
3. Survival: 
Percent Shrimp Survival 
a 
3.24 + 7.05 S, 7 <;Tws;.15-, S £15 
107.92 - 0.65 Sj7 £ T s 15, S s 15 
w 
-3.15 + 13.51 S,15 =£ T <: 30, S £ 7 
•* w 
91.47 + 0.23 S, 15 £ Tw s 30, S s 7 
11.93 + 1.58 S +4 0.02 S2, Tw ^ 30 
where = air temperature 
T = water temperature 
• w 
S = salinity 
• 
* Constant coefficients Cj, C2, and Cj are evaluated and used during 
the analysis because the least square fit analysis program package 
is included within the simulation program package. 
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1. Calculate the water temperature from the given value of air 
temperature using the developed mathematical submodel. 
2. Calculate the gross shrimp production based on the water 
temperature at given salinity using the appropriate mathe­
matical submodel. 
3. Calculate the percent survival of shrimp from the given value 
of salinity and the calculated value of water temperature 
using the developed mathematical submodel. 
4. Calculate the net shrimp production using the calculated 
values of gross shrimp production and the percent survival 
of shrimp at the given conditions. 
5. Calculate the shrimp catch (landing) from the net production 
of shrimp using the catch factor. The catch factor was seven 
percent during the closed season (only offshore shrimping) 
and 30 percent of this net shrimp production during the sea­
son which included inland water shrimping as well as off­
shore shrimping. 
6. Calculate the profit of the region in terms of dollars from 
catch values. 
The computer program used for the simulation of this model has 
been listed in Appendix V-A. The input and output of the program have 
also been given in the appendix. The results are presented and dis­
cussed in the next section. 
Results and Discussion 
The concept model simulates the monthly shrimp production and 
its catch. The results are compared in Figufe V-3 and Table V-3. 
The two variables, air temperature and salinity, were used as system 
input. The water temperature was computed from the air temperature 
from the model developed using the least square fit technique. The 
Statistical Analysis System (SAS) (Ref. 5.13) was used to develop 
equations to predict the shrimp production based on water temperature. 
Using these equations, the gross shrimp production based on water 
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Data, Mont lily Shrimp Production' 
Predicted Monthly Slirinip Production 
Data, Cumulative Shrimp Production 
Predicted Cumulative. Shrimp Production 
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Figure V-3 The Monthly and Cumulative Shrimp Production, Predicted 
from the Simulation Model of Barataria Bay, Louisiana 
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TABLE V-3 
Prediction from the Simulation Model of Shrimp Productivity of 
Barataria Bay, Louisiana 
Simulated Simulated 
Shrimp Shrimp Shrimp 
Production Production Landing 
Month lbs/acre lbs/acre lbs/acre 
January 0.534 0.520 0.036 
February 0.534 0.616 0.043 
March 1.602 1.381 0.097 
April 13.920 9.609 0.673 
May 78.770 82.284 24.685 
June 26.700 30.809 9.243 
July 10.680 7.982 2.394 
August 5.340 4.645 1.394 
September 2.140 4.347 1.304 
October 1.600 2.071 0.145 
November 1.070 1.075 0.075 
December 0.534 0.368 0.026 
Total 
lbs/acre 143.424 145.707 40.115 
temperature was estimated. Also the model to calculate percent survi­
val was developed using the SAS technique. Consequently, the net 
shrimp production was computed from its gross production using the 
survival rate. 
The shrimp production for the year 1970 was simulated as shown in 
Figure V-3. Also in this figure simulated monthly average values of 
shrimp production in pounds per acre were compared with that of the 
actual production. In Figure V-3, the cumulative values of shrimp 
production are also presented. In May the value of shrimp production 
had reached its peak value. The predicted peak value of shrimp pro­
duction was 82.3 lbs/acre and the actual value was 78.8 lbs/acre. 
The yearly average value of the shrimp production was 145.7 lbs/acre, 
and the actual value of the same was 143.4 lbs/acre, i.e., the simu­
lated value was about 1.4 percent higher which is well within the 
accuracy of the data. These simulated shrimp productions were used 
to predict the landing in the region. The landing was assumed to be 
30 percent of the net shrimp production during the season - i.e., 
from May to September - while during the rest of the time, it is 
assumed to be only seven percent of the same (Ref. 5.14). As shown 
in Table V-3, the cumulative yearly shrimp landing was 40 pounds per 
acre. These landing values were based on water (bay) area only (Ref. 
5.15). Consequently the value of landing becomes 20 pounds per acre 
If based on total area of land plus water (Ref. 5.15, 5.16). This 
analysis has considered brown shrimp data only and if the white 
shrimp data are combined the value of the landing would be about 73 
percent higher than the simulated value (Ref. 5.15).. Thus the total 
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shrimp production becomes 69.5 pounds per acre (40.12 x 1.733) based 
on estuarine water area. Considering these two factors, the simulated 
results are comparable with the total shrimp landing reported in the 
literature (Ref. 5.18), which is 63.7 pounds per acre based on estuarine 
water area. So the simulated value is about 9 percent higher than the 
reported value which is within the accuracy. 
In summary, the production and consequently the landing of shrimp 
could be predicted accurately knowing the effective variables such as 
air temperature, salinity and landing ratio. The simulation estimates 
the population density of the species at a given time, and so this 
prediction technique could be used as a basis for decision making to 
establish the opening and closing dates for the shrimping season. 
These results could also be used to predict the effect of modified 
environmental conditions such as level of nutrients in the region, so 
that production of the desired species (shrimp) could be increased. 
Conclusions and Recommendations 
It is concluded that the system simulation technique could be 
used as an efficient method for the analysis of the ecosystems. This 
conclusion was reached on the basis of the success in predicting 
shrimp landings as reported in the previous section. This is a rela­
tively new concept in the field of ecology. Heurestic logic was one 
of the major factors in the system simulation and so the accuracy 
of the results were dependent on the available knowledge about the 
system. If the information about the system is available in more 
details then the analysis could be extended. The reason for this 
simplicity can be explained as follows: Consider the analysis of a 
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simplified model where impacts of only two factors upon the variable 
were considered to be important. Then if it would be neceissary to add 
the effects of another factor upon the same variable so that the real 
world complexity could be analyzed, this addition would enlarge the 
field of the system. As the logic of the methodology would remain un­
changed, the complexity of the simulation would not be significantly 
increased. Thus the formulation of the concept model was of importance 
in the system simulation and inclusion of the additional parameters 
would be relatively straightforward. 
Extensions of the simulation could be in various ways. First, 
the simulation model included only two variables, water temperature 
and salinity, as the ones that effect shrimp productivity. Actually 
the productivity of shrimp, and consequently the catch, depends on 
ecological, physical, social and economic factors. As shown in Figure 
V-4, the ecological factors include various important variables such 
as the interdependence of biological species, the level of nutrients 
(nitrogen, carbon, dissolved oxygen and phosphorous), and pollution, 
and the other factors as shown in the figure. Variations in weather 
and its effect on the system come under physical factors. These 
physical factors also include the influence of currents, salinity, 
and the fishing schedule as well as the fishing location. The methods 
adopted for fishing and the types of fishermen are categorized with 
the social factors. The economic factors include the quality and 
quantity of shrimp, and the efficiency with which the shrimp can be 
landed. 












QUANTITY "̂Ight Air Evening 
QUALITY AREA Water 
POLLUTION SALINITY 
NUMBER 









Natural Ssall Large 
/ CATCH 
CATCH a.lba./effort 
•. lbs./hr. / -
INTERACTIONS 




















Figure V-4 A Complex Simulation Concept Model for Shrimp Productivity 
productivity of the region under quite variant conditions. Consequent­
ly the profit from the region could be more accurately predicted over 
a longer time period. 
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CHAPTER VI 
CONCLUSIONS AND RECOMMENDATIONS 
Conclusions 
Based upon the results of this research the following conclusions 
are drawn: 
1. A regional analysis has been developed for the Barataria Bay 
region of coastal Louisiana. Economic, ecological, and other models 
of the region were combined with an optimization procedure to evaluate 
the optimal regional income. It was concluded that the engineering 
and economic techniques such as linear programming and system simula­
tion are efficient methods for regional planning when the economic and 
ecological systems are combined with their mutual relationships and 
interdependencies. 
2. The overall regional income can be potentially increased by 
40 percent to $346 per acre per year over the base case value of $247 
per acre per year. This is based on a linear programming optimization 
of an economic model incorporating income from landings of oyster and 
menhaden, from products of shell-fish (crab and shrimp) processing 
industries, and net income from the expenditure of recreators, and 
constrained by interactions among biological energy flows, consumption 
of shell-fish by industries, number of recreators, and available area 
for recreation. 
3. The potential increase in income from landings of oyster and 
menhaden would be 50 percent; the potential increase in income from 
crab and shrimp processing products would be 54 percent; and the 
potential increase in net income to the region from the expenditure 
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of the recreators would be 29 percent if the optimal biological energy 
flows were established. 
4. The biological energy flow model used in this analysis con­
sisted of the steady state, yearly averaged biological energy flows 
among 38 species in the marsh, water, and sediments. This model in­
corporated the best biological understanding of the Barataria Bay 
ecosystem at the present time. 
5. To establish the optimal biological energy flows, it would 
be necessary to adjust and control the population of some of the 
estuarine species. This could possibly be achieved by applying various 
techniques such as the use of selective fertilizers, addition of 
nutrients in dissolved and particulate form, use of insecticides, 
sterilization, and the selective diversion of fresh water for salini­
ty control. 
6. In the optimal pattern, the consumption of crab and shrimp 
by the shell fish processing industries was increased by 39 percent 
over the base case value. The individual income ranged from S-PR 
with a 4.5 percent increase to C-SP with an 84 percent increase. Con­
sequently, this optimal processing could increase the income of the 
industry, and correspondingly that of the region by 54 percent, from 
$57 to $88 per acre per year. 
7. The optimal number of visitors coming for various recreational 
activities (sprot fishing, pleasure boating, water skiing, and beach 
swimming) increased over the base case by 38 percent. There is enough 
water and land area suitable for recreation to accommodate more 
recreators. The total number or recreators could be increased from 
800,000 persons to 1,100,000 persons, an Increase of 38 percent for 
optimal use of the area. Consequently, the facilities such as marinas, 
sotres, lodging, etc., would also have to be increased in the region. 
8. Using sensitivity analysis the effects of variations in the 
landing of commercially Important 3pecies (oyster, menhaden, shrimp, 
and blue crab), and in the availability of water and land area suit­
able for recreation was examined. Results were obtained that showed 
variations in the commercially important activities when changes were 
made in the landings of oyster, menhaden, shrimp, and blue crab, and 
in availability of water and land area for recreation. The largest 
change came when the landings of oyster were varied from 26.4 to 120 
pounds per acre per year, and blue crab landings were correspondingly 
decreased from 11.2 to 9.8 pounds per acre per year, a decrease of 
12.5 percent. Consequently, consumption of crab by crab industries 
also changed from 9.5 to 8.7 pounds of crab per acre per year for 
C-OTH and from 0.8 to 0.71 pounds of crab per acre per year for C-FFCM. 
The other commercially important activities were not affected, and 
they remained at their initial optimal values. 
9. Using sensitivity analysis the effects of variations in the 
dockside price of oyster and menhaden, in the price of crabs and 
shrimp processed industrial products, and in the net income from the 
expenditures of various recreators were studied to examine the trends 
in landings, processing, and in recreation due to these economic 
fluctuations. The results were obtained that showed that the optimal 
pattern was the same as that in the initial optimal case for changes 
in dockside price of oyster and menhaden from 43 cents to $1.02 per 
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pound for oyster and from 1.3 cents to 6.7 cents per pound for men­
haden. However, the changes in shrimp consumption were from 25.1 to 
41.9 pounds of shrimp per acre per year, an increase of 67 percent, 
for S-FFRH when price of S-FFRH product was varied from 25 cents to 
$1.66 per pound. 
10. Variations in the area of marsh and water were studied to 
examine the effects on the biological energy flows and consequently 
on the production of commercially important species. The production 
of these species increased by about six percent to 1230 pounds per 
acre per year when the water area was increased from 43 percent to 75 
percent of the total area or to 248,000 acres with a corresponding 
decrease in marsh area from 57 percent to 25 percent of the total area 
or to 83,000 acres. These results agree with historical trends. 
Marsh is being decreased by natural and man-made causes at a rate of 
about 3200 acres per year in the greater Barataria Bay region. Also, 
the production of commercially important fish and shell-fish has 
slightly increased since 1930. The combination of these two trends 
support the results obtained in this analysis that a decrease in 
marsh area results in an increase in production of commercially im­
portant species. 
11. An analysis was made of the effect of a natural or man-made 
catastrophe which eliminated the marsh grass, which is the most impor­
tant single primary producer in the region. These results showed 
that the decrease in the production of the commercially important 
species was about 37 percent, decreasing the landing from 1158 to 
726 pounds per acre per year. 
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12. Analysis of the effects of the distribution of nutrient and 
organic-rich wastes was studied to evaluate the use of organic wastes 
in the ecosystem for economic and ecological benefits. Results 
showed that there was a potential increase in production of all the 
commercially important species which could amount to an increase of 
$3 million in the gross regional income. A potential source of these 
wastes would be from menhaden processing plants, and current experi­
mental work tends to substantiate these findings. 
13. Shrimp productivity was studied to evaluate the combined 
effects of temperature and salinity on commercial shrimp production 
using the technique of system simulation. Results were obtained that 
showed that the shrimp production could be predicted to within nine 
percent of the actual values. 
14. In linear programming, a very large but linear model can be 
used thus simplifying the nonlinearity of the realistic situations. 
However, the linear model for very large systems is often the most 
accurate representation available which will yield a reasonable rec­
ommendation for action before implementation is required. In system 
simulation non-linear and stochastic models could be dealt by mathe­
matical or heuristic functions in the analysis. However, the formu­
lation of the non-linear functions, and the relationship of the 
functions is a complicated process. More research in applying these 
techniques must be done before the superiority of one of these tech­
niques is established. 
15. Computer programs used in all the analysis are in a form 
that can be readily used by engineers and scientists for studies in 
coastal zone management studies. Instructions for using these programs 
are included for ease in their applications. 
Recommendations 
Based upon the above mentioned conclusions the following recom­
mendations are made: 
1. Research should be conducted in the area of establishing the 
optimal pattern of biological energy flows as suggested in this research 
This could include engineering developments and ecological evaluations 
for selection and distribution of selective fertilizers and insecticides 
for adding nutrients in dissolved and particulate form, and for the 
use of salinity control. 
2. Research should continue to extend these analyses to include 
the brackish and fresh marsh ecosystems. 
3. Research should continue to include off-shore area as a part 
of the ecosystem in the regional model. Menhaden are generally landed 
off-shore and for this reason the annual production of manhaden per 
acre based on the estuarine area is higher than if it had been based 
on an area which includes the off-shore region also. 
4. Research should continue to refine the biological energy flow 
model and to study the system dynamics to obtain upper and lower 
stability limits on the biological energy flows. The energy flow 
model may be extended for dynamic optimization. 
5. Research should continue to analyze the multiple and alter­
nate use of land and water area for the optimal development of the 
coastal zone. These uses may include the conflicting and competetive 
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uses such as recreational activities, fisheries activities, maintain­
ing stability of ecosystem, and industrial development in the marsh 
area. 
6. Research should continue to examine the effects of distri­
buting organic-rich wastes for economic and ecological benefits. This 
research could include ways by which industries and municipalities 
could be encouraged to distribute these wastes. 
7. Research should continue to analyze the effects of variations 
in marsh and water area on the production of biological species. 
8. Research should continue to refine the recreation model and 
to study the effects of conflicting uses such as sport and commercial 
fishing in the region on the optimal income. 
9. Research should continue to simulate'the shrimp productivity 
combining the effects of social, ecological, physical, and economic 
factors for optimal planning in the region. Then this methodology 
should be used with various ecosystem models for planning and manage­
ment purposes. 
NOMENCLATURE 
activity coefficient, fraction of product allocated for 
ith activity from jth resources, dimensionless. 
conversion factor, See Table III-2, page 54. 
required acreage of hth surface (h=l for water, and h=2 land) 
for jth recreational activity, acres. 
total available area of hth surface (type) for all activities 
per area or equivalent area of hth type required for yearly 
averaged recreators, acres. 
total available ith resources, lbs/acre or acres. 
cost coefficient of product used for ith activity and ob­
tained from jth resources, $/lbs. 
cost coefficient for 1th activity and sth industry, $/lbs. 
cost coefficient for ith activity, $/lbs. 
lower limit of percentage (fraction) of sth species (industry) 
used for 1th activity, dimensionless. 
upper limit of percentage of sth species used for 1th activity, 
dimensionless. 
2 
unused or exported energy or material flow, gorg/m /yr. 
2 
energy from ith species to gulf, gorg/m /yr. 
2 
energy from gulf to jth species, gorg/m /yr. 
2 
total incoming energy into jth species, gorg/m /yr. 
lower limit forginaterial flow from kth species to jth 
species, gorg/m /yr. 
lower limit, minimum number of desired recreators for jth 
recreational activity, persons/acre/yr. 
total number of limiting resources (donors), dimensionless. 




total energy leaving ith Bpecies, gorg/m /yr. 
total number of type of industrial activities for sth species 
(industry), dimensionless. 
total number of species or industry, dimensionless. 
cost coefficient for 1th activity which is expenditure of each 
recreator in the region coming for jth activity (excluding 
the fraction spent to import the facilities required for that 
activity, $/person. 
total average number of recreators coming for pleasure 
boating, persons/acre/yr. 
total average number of recreators coming for water skiing, 
persons/acre/yr. 
total average number of recreators coming for salt-water 
sport fishing, persons/acre/yr. 
total average number of recreators coming for 1th recreational 
activity, persons/acre/yr. 
2 
respiration energy of kth species, gorg/m /yr. 




energy from sun coming into jth species, gorg/m /yr. 
transfer coefficient of kth species, dimensionless. 
transfer coefficient for energy flow from ith species to jth 
species, (a constant fraction of total incoming energy into 
jth species), dimensionless. 
air temperature, °F. 
water temperature, °F. 
upper limit of material flowing from kth species to jth 
species, gorg/ tn^/yr. 
upper limit, i.e. maximum number of desired recreators for jth 
recreational activity, persons/acre/yr. 
total number of types of recreational activities, dimensionless 
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Xg^ quantity of sth species consumed by 1th activity, lbs/acre/yr. 
T 
Xg total quantity of sth species consumed by all corresponding 
industrial activities, lbs/scre/yr. 
i 2 
X.̂  total input to the kth species, gorg/m /yr. 
y.. quantity of material consumed by jth species from ith species, 
3 gorg/m2/yr. 
y., quantity of material consumed by kth species from ith species, 
gorg/m2/yr. 
y. . quantity of material consumed by jth species from kth species, 
J gorg/m2/yr. 
quantity of product alloted to jth activity, lbs/acre/yr. 
• 2 
Y^ net output from the kth species, gorg/m /yr. 
z total income of the region, $/acre. 
z^ income from commercial landing of oyster and menhaden, $/acre. 
z2 income from processing activities of crab and shrimp, $/acre. 
Zj income from recreational activities of the region, $/acre. 
Subscripts: 
1 used for total commercial landing values of oyster and men­
haden. 
2 used for total industrial income of crab and shrimp. 
3 used for total income for recreators. 
h h=l for water area and h=2 for land area. 
i species or resource. 
j species or activity. 
k species. 
1 type of industrial activity. 
s type of species. 
Superscripts: 
L lower limit. 
R type of recreational activity. 
T total value. 
U upper limit. 





FORMULATION AND EQUATIONS OF THE REGIONAL MODEL 
This appendix discusses the details of the steps followed in 
formulating the energy flow model which is a part of the combined 
regional model. The equations are listed and discussed describing 
the objective functions and constraints of all the three sub-models: 
biological energy flow model, commercial fisheries-industry model, 
and the recreation model. 
Formulation of Energy Flow Model 
As described in Chapter III, the usual algebraic notation of the 
model is given in two sections, one section is an objective function 
and the other is constraint equations. In general the mathematical 
form of the objective function can be given as follows: 
Optimize: 
m n 
z, = E E c . y. . (A-l) 
i=l j=l 1J 1J 
and the constraint equations for steady state conditions, can be rep­
resented as: 
Net Input - Net Output = 0 (A-2a) 
or: 
fckXk " Yk = ° (A"2b) 
The term c.. is the cost of one unit and y.. is the alloted amount 
i-J ij 
of resources from ith resource to jth activity. The total profit is 
Zj, which is the sum of the product of and y^ . The term, 
represents the total input to the kth species and the term t^ repre­
sents the transfer coefficient which is a ratio of the net amount of 
resources consumed from the kth activity to the total resources 
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consumed by the same activity. The total output for the same activity, 
excluding respiration is expressed by Y^. The term m is used for total 
number of limiting resources (donors) while n is total number of com­
peting activities (recipients). 
For linear programming, the model should be in the standard form 
as shown above. The formulation of the energy flow model can be ex­
plained from Figure A-l, as follows. This figure shows a species k 
along with the flows of the property (biological energy). In the 
diagram, represents the total input to the species and Y^ is the 
total output (excluding respiration) from it. The unusable or res­
piration energy is given by R^. The double subscripted y j repre­
sents the amount of the property transferred from the ith species to the 
jth species. The first subscript is for the donor species and the 
second is for the recipient. The term e^ is used for the energy ex­
ported from the region. Mathematically, the total input to the 
industry k is, 
tn 
Xk= Jj^ik <A"3> 
Correspondingly, the total output excluding respiration is: 
"  ?, n , j +  %  < * - «  
j=-i 
As discussed earlier, a new term, t, constant transfer coefficient, 
is introduced to generalize the expression for the property transfer. 
It is defined as the ratio of the amount of the usable property, 
transferred from a species - i.e., net output or the net production -
to the total input to the species, i.e.; 
tk - (A-5) 
ik 
i=l 
Figure A-1 Energy Flow Model Formulation Diagram 
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Using Equations (A-3) and (A-4) and rearranging Equation (A-5) we get: 
m n 
Ck s yik - E yk, - ek = 0 for k=l,2,..., m (A-6) 
i=l j=l 
The Equation (A-6) represents the set of equations describing the 
pattern of the property flows coming in and going out of the species. 
They can be solved by linear programming. Upper and lower boundaries 
of the different flows are needed for the computations. The objective 
function, as described earlier, can be formulated as Equation (A-l), 
where c^. will take the value and the dimension as per the purpose of 
the problem. The value of all coefficients, c^. will be unity, a di-
mensionless number, when represents total production. If repre­
sents the profit, then the coefficient will be the cost per unit 
produced, in terms of dollars. Using the set of Equations (A-l) and 
(A-6) along with upper and lower limits, the optimal solution for 
flows can be obtained. Equations (A-l) and (A-6) are similar to the 
Equations III-3 and III-4a. 
Equations Used for the Analysis 
For each submodel, the sets of equations used for the regional 
analysis are in two sections. The first section is the objective 
function and the second section includes the constraint equations. 
Both of these sections are discussed along with their data used during 
the analysis. The final form is also given for these equations. 
Objective Function: The objective function included four com­
mercially important species and four important recreational activities. 
The four commercially important species are menhaden, oyster, crab and 
shrimp. While the recreational activities include salt-water sport-
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fishing, pleasure boating, water-skiing, and beach swimming. The ob­
jective function of each model is discussed below. 
Biological Energy Flow Model; The landings of two commercially 
important species are included in the objective function of energy flow 
model. These two species are menhaden, and oyster. 
2 
The landing values of species are in gorg/m /year. A conversion 
2 
factor, A, is used to convert these landing values from gorg/m /year to 
lbs/acre/year. The value of this conversion factor depends on the dry 
weight of an individual species as percent of its fresh weight. As for 
example, as shown in Table III-2, oyster's dry weight is 10 percent of 
its fresh weight. Subsequently the value of A is 89.23 for oyster. The 
conversion factor for shrimp is 59.49, because shrimp's dry weight is 
15 percent of its fresh weight. All these different values of A are 
listed in Table III-2 for commercially important species. 
The objective function used in the analysis is listed in Table 
A-l (z^). The dockside prices for menhaden, and oyster are $0,035 and 
$0,433 per acre respectively. Each cost coefficient includes the con­
version factor, A, and the dock-side price of an individual species. 
This combined factor, product of A and dock-side price, is listed as 
the cost coefficient in the objective function given in Table A-l. 
As for example, cost coefficient for menhaden is 1.54 which is the 
product of dock-side price or total income as dollar per pound, $0,035, 
times the conversion factor 44.63. 
Commercial Fisheries-Industry Model: This model includes the 
economic impact of the two commercially important species, crab and 
shrimp, in its objective function. The cost coefficients, is the 
product of the conversion factor A times the total income from 1th 
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TABLE A-l 
Objective Function Equations of Regional Model, Barataria Bay, Louisiana 
z = zl + z2 + z3 ($/acre) 
where Z1 = c4,18 y4,18 + c5,18 y5,18 
Z2 
=  c ' X  +  c '  X  , + c ' X  ,  + c '  .  X  .  
s,l s,l s,2 s,2 s,3 s,3 s,4 s,4 
+ °s ,5 + Ss,5 + Cs,6 Xs,6 + Cs,7 Xx,7 + Cs,8 Xs,8 
s,9 3,9 + cJ2jl X12>1 + c'12̂ 2 X12>2 + c 2̂>3 X12>3 
z3 rlRF + r2RBl + r3 ̂ 2 + r4 ̂  
or 
21 
= 38.5920 + 1.5437 y5>18 
z2 
= 65.0788 X , + 45.6860 X „ + 121.4130 X . 
s,l s,2 a,3 
+ 47.5301 X , + 53.0029 X , + 88.5167 X , 
s,4 3,5 3,6 
+ 131.7042 X , + 103.8643 X Q + 23.9733 X Q 
3,7 3,8 3,9 
+ 159.3648 X12 x+ 68.9748 X12 2 + 9.3692 X12 3 
z3 







activity in dollars per pound of sth species. For example, for regular 
canning of shrimp, c^ is 88.52 which is the product of the conversion 
factory 59.49, times the income $1.5 per pound. The variable des­
cribes the amount of sth species used for 1th activity and its values 
2 
are in gorg/m /yr5 The crab industry has three activities and the 
shrimp industry has nine activities. These industrial activities have 
been listed earlier in Table III-3, and the objective function of 
this model is given in Table A-l . 
Recreation Model: The objective function of the recreation model 
represents the income from recreational activities in the region. This 
income is generated from the visitors' expenditures. These visitors are 
enjoying the recreational facilities provided by the region. These 
four facilities are salt-water sport fishing, pleasure boating, water 
skiing, and beach swimming. The cost coefficients, r^, include net 
income from the expenditure of each recreator who is coming for jth 
activity. For example, sport fishermen spend total of $178 per person. 
From Table III-5, the net income is only $61.54 per person. So the 
cost coefficient for sport fishing is 61.54 which is 65.44 percent less 
than total expenditure. It has been shown that this 65.44 percent of 
the expense of each recreator is used to import the corresponding 
facilities. The variable, R^, describes the total average number of 
visitors coming for jth activity in one year per acre of total regional 
area. The objective function of this model is also listed in Table 
A-l (z^) along with the other two objective functions. 
Constraint Equations: The constraint equations were formulated 
using various principles such as energy balance, lower and upper limits 
of flows, and physical capacity of facilities. These equations describe 
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the restraints which mustbe met to achieve the objective of the analysis. 
The constraints of each model are discussed below. 
Biological Energy Flow Model: The constraints of the energy flow 
model can be categorized as equality constraints and as inequality 
constraints. The equality constraints included the energy balance for 
the individual species and the equations for feces flows. The inequality 
constraints included the upper and lower limits of energy flows. The 
species included in the model are given in Table A-2. 
The development of equality constraints used the concept of constant 
coefficients which are divided into two ssts. One of the two sets is 
the transfer coefficient. A transfer coefficient for a species is 
given as the ratio of the net energy (excluding respiration) flowing 
from it to the total incoming energy. As for example, for zooplankton, 
2 2 
total intake energy is 159 gorg/m , while it loses 47.5 gorg/m energy 
2 
by respiration and transfers 111.5 gorg/m energy to other components in 
the system. So as shown in Table A-3, the value of transfer coefficient 
for zooplankton is 111.5 divided by 159 or 0.70. The other set, named 
as feces coefficient, is calculated to control the feces of a species 
as a ratio of the total energy intake. The feces flow for zooplankton 
being 78.5 divided by 159 or 0.49. These calculations are also listed 
in Table A-3. 
Using this concept of constant coefficients, the energy balance 
was obtained for each biological species in the biological energy flow 
model shown in Figure III-2. Steady state conditions were assumed in 
these calculations so that total energy transferred from a species is 
always equal to the total intake energy. The transfer coefficients 
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TABLE A-2 
Listing of Biological Species of Energy Flow Model and 
Activities Included in Commercial Fisheries-Industry Model 
and Recreation Model, Barataria Bay, Louisiana 
Sub­ Sub­
script Species* or Activities script Species or Activities 
Code Code 
1 phytoplankton 29 meiofauna 
2 zooplankton 30 killiflsh 
3 etenophores 31 snails 
4 oysters 32 fiddler crabs 
5 herbivores, menhaden 33 mussels 
6 anchovies 34 polychaetos 
7 particulate organics & 35 mudcraba 
bacteria 36 racoons 
8 dissolved organics 37 nutria-muscrats 
9 white shrimp 38 rail birds 
10 brown shrimp 39 insects 
11 mid carnivores-catfish, 40 gulf-export or import 
croaker C01 fresh/frozen cooking 
12 blue crabs meat, crab 
13 topcarnivores, sport fishes C02 specialities, crab 
14 shore birds, gulls, pelicans C03 others, crab 
15 diving-ducks SOI fresh/frozen raw head­
16 marsh birds, egrates, herons less, shrimp 
17 marsh birds, sparrows S02 peeled-raw, shrimp 
18 man-catch S03 peeled-cooked, shrimp 
19 benthic macrophytes S04 breaded raw and cooked, 
20 benthic diatoms shrimp 
21 benthid detritus & bacteria S05 specialities, shrimp 
22 amphipods S06 regular canning, shrimp 
23 meiobenthos S07 special canning, shrimp 
24 spartina SO 8 sundried, shrimp 
25 epiphytic algae on spartina S09 others, shrimp 
26 epiphytic algae on marsh F salt-water sport fishing 
27 dead standing spartina B1 pleasure boating 




*1-17 Water species; 19-23 sediment species; and 24-39 marsh species. 
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TABLE A-3 
The Transfer and Feces Coefficients for Biological 
Energy Flow Model, Barataria Bay, Louisiana 
Species Coefficients Species Coefficients 
Transfer Feces Transfer Feces 
£i 
f. 
I fci fi 
phytoplankton 0.7068 0.3784 benthic 
detritus 
0.5367 0.0509 
zooplankton 0.7013 0.4937 amphipods 0.5496 0.5030 
etenophores 0.5000 0.5000 meiobenthos 0.5855 0.4500 
oysters 0.7188 0.6773 spartina 0.1810 0.1745 
menhaden 0.7128 0.4785 ep. algae on 
spartina 
0.7991 0.2422 










1.0000 0.4373 detritus on 
marsh 
0.5822 0.3804 
white shrimp G.7072 0.4742 meiofauna 0.6226 0.5005 
brown shrimp 0.6558 0.4913 killifish 0.7120 0.6797 
mid carnivores 0.6995 0.5530 snails 0.5230 0.5180 
blue crabs 0.6010 0.4663 fiddler crabs 0.5205 0.4793 
top carnivores 0.7137 0.5507 mussels 0.5467 0.5333 
shore birds 0,3043 0.3043 polychaetos 0.5773 0.5068 
ducks 0.3107 0.3010 mud crabs 0.5297 0.4740 
marsh birds-1 0.3043 0.3043 racoons 0.5445 0.5445 
marsh birds-2 0.3065 0.3015 nutria-
muskrats 
0.5167 0.5167 
man-catch - - rail birds 0.3018 0.2994 
benthic 
macrophytes 
0.8009 0.7963 insects 0.5113 0.4808 
benthic diatoms 0.8049 0.7786 RUlf - -
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(as described earlier) were used to account for the loss of energy due 
to respiration. For example, for zooplankton, the sum of energy trans­
ferred to ctenophores (y2 g), anchovies (y2 g), particulate organic 
(y2 ?), dissolved organic (y2 g), killifish (y2 3Q), and gulf (y2 4Q) 
is equal to the transfer coefficient of zooplankton (t2) times the total 
intake energy to zooplankton which is the sum of energy coming from 
phytoplankton (y^ 2), particulate organic (y^ 2), and dissolved organic 
(yQ 0). Consequently, the equation describing energy balance for 
8,2 
zooplankton can be given as follows: 
*2,3 + ̂2,6 + y2,7 + y2,8 + y2,30 + y2,40 " *2 <yl,2 + y7,2 + 
y8>2) " 0 <A-7> 
The equations for feces flows were computed using the definition of 
feces coefficient. For example, the feces flow of zooplankton (y + 
 ̂9 ' 
y2,8) is equal to the feces coefficient for zooplankton (f2) times the 
total intake energy to zooplankton, i.e., the energy coming from phy­
toplankton (y^ 2) plus the energy coming from particulate (y^ 2) and 
dissolved (yQ organics. This equation can be written as follows: 
y2,7 + y2,8 • f2 (yl,2 + y7,2 + " 0 (A"8) 
The equations of energy balance can be simplified by combining the 
feces flow equations with energy balance. For example, substituting 
value of (y„ _ + y_ Q) from Equation A-8 into Equation A-7, we get, 
*L y f £• y O 
y2,3 + y2,6 + y2,30 + y2,40 ' (t2 " V (yl,2 + y7,2 + 
yfl 2) ~ 0 (A-9a) 
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substituting value of t^ and f^ from Table A-3, Equation A-9a can be 
written as, 
y2,3 + y2,6 + y2,30 + y2,40 ' °-2076 ^1,2 + y7,2 + 
y82) = 0 (A-9b) 
This equation A-9b was used in the analysis. This equation represented 
the energy balance for zooplanktori. In MPS computer program, the raw 
code X02 was used for this equation. The energy balance equations are 
tabulated in Table A-4 for all biological species along with the raw 
code for each equation. The right hand side of these equations are 
zero for all equations except for those which represent primary producti­
vity species. These species take sun energy as input energy. Subse­
quently the factor (t^ - f^) times this sun energy is given as right 
hand side of the corresponding equation. For example, for phytoplankton 
2 
sun energy is 292 gorg/m /yr., and the factor (t^ - f^) is 0.3284. 
Consequently as shown in Table A-4 right hand side of equation repre­
senting phytoplankton is 95.89 (292 x 0.3284). 
The upper and lower limits of each energy flow are categorized as 
inequality constraints. All of these limits were obtained assuming 
plus or minus 25 percent variations from its base case values except 
for flows associated' with the commercially important species where the 
allowable variations are plus or minus 100 percent from their base 
values. These upper and lower limits of energy flows are given in 
Table A-5. The base values of each energy flow are tabulated in Table 
A-6 and separate energy flow diagrams are presented in Figure A-2, A-3, 
and A-4 for marsh, water, and sediment respectively. The symbols used 
in these figures are explained in Table A-7. 
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TABLE A-4 
Equality Constraint Equations of Biological Energy 





phytoplankton X01 *1,2 + *1,4 + yl,20 + *1,40. ' °-3284 *8,1 " ̂'89 
zooplankton X02 *2,3 + *2,6 + *2,30 + *2,40 " °-2076 <ylf2 + 
*7,2 + *8,2) = 0 
ctenophores X03 y3,7 " °-5 (*2,3) " 0 
oysters X04 *4,11 + *4,12 + *4,18 • °'0415 (*1,4 + *7,4 + 
*18,4^ = 0 
menhaden X05 
*5,11 + *5,12 + *5,13 + *5,14 + *5,15+ -r*5,18 + 
*5.40 " °'2343 <*1,5 + *21,5 + *22,5 + *23,5 + 
y40,5) = 0 
anchovies xoe 





y7,2 + y7,4 + y7,6 + y7,11 + y7,30 + *7,40 " 
0.4662 (y17 + y^ + y^ + y^ + yĝ  + 
yll,7 + y13,7 + *14,7 + y15,7 + y16,7 + y21,7 + 




y8,1 + y8,2 + *8,20 + *8,25 + y8,26 + y8,40 " 
°-5627 <*1,8 + y2,8 + y21,8 + y22,8 + *23,8 + 
y24,8 + y25,8 + y26,8 + y27,8 + y28,8 + *29,8> " 0 
white shrimp X09 y9,11 + y9,12 + y9,13 + y9,14 + y9,18 + y9,40 " 
°'233° (y20,9 + y21,9 + y?2,9 + y23,9 + y40,9) = ° 
brown shrimp X1C y10,ll + y10,12 + y10,13 + *10,14 + y10,18 + 
y10,40 " °'1645 <*20,10 + *21,10 + *22,10 + 
*23,10 + *40,10^ = 0 
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midcarnivores Xll yll,12 + yll,13 + yll,14 + yll,18 + yll,40 " 
0*1465 (y4,ll + y5,11 + y6,11 + y7,11 + y9,11 + 
y10,ll + y21,11 + y22,ll + y23,11 + y30,11 + 
y40,ll)=,° 
blue crabs X12 y12,13 + y12,14 + y12,16 + y12,18 + y12,40 " 
0.1347 (y.4)12 + y512 + y912 + y1012 + y11)12 
+ y21,12 +y30,12 +y40,12> a 0 
top carnivores X13 y13,18 + y13,40 " °'163(y5,13 + y6,13 + y9,13 + 
y10,13 + yll,13 + y12,13 + y40,13) = 0 
shore birds X14 y14,7 +y14,28 " °'3043 <y5>14 "*^6,14 +y9,14 
+ y10,14 + yll,14 + y12,14 + y29,14 + y30,14 + 
y34,14> ** 0 
ducks X15 y15,40 " °-0097 ^5,15 + y6>15 + yi9,l5 + y21,15 
+ y22,15 +y23,15 +y40,15> " 0 
marsh birds-1 X16 y16,7 + y16,28 " °-3043 (y12,16 + y30,16 + y31,16 
+ y32,16 + ̂ .le* = 0 




X19 y19,15 = °'1479 
benthic diatoms X20 y20,9 +y20,10 +y20,22 +y20,23 ' 0'0263 ^1,20 




y21,5 + y21,9 + y21,10 + y21,11 + y21,12 + 
y21,15 + y21,22 + y21,23 + y21,40 - °'4858 
(y4,21 + y5,21 + y7,21 + y8,21 * y9,21 + y10,21 
+ y12,21 + y19,21 + y20,21 + y22,21 + y23,21 + 
y27.21 + y28.21 + yiO.?l> " 0 
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TABLE A-4 (contd.) 




ep. algae on 
spartina 





















y22,5 + y22,9 + y22,10 + y22,ll + y22,15 
0.0466 (y20)22 +y21,22 + y23f22* = 0 
y23,5 + y23,9 + y23,10+ y23,ll + y23,15 
+ Y23,22 " 0,1355 ̂ y20,23 +'y21,23* = 0 
y24,17 + y24,30 + y24,37 + y24,39 = 27,30 
y25,29 +y25,30 +y25,31 " 0,5569 ̂ 8,25* 
8.0751 
y26,29 + y26,30 +y26,31 " 0,1574 <y8,26* 
2.2823 


































y29,14 + y29,30 + y29,31 + y29,32 + y29,35 
0.1221 (y2529 + ̂26,29 + y28,29* = ° 
y30,11 + y30,12 + y30,14 "r y30,16 " °-0323 
(y2,30 + y7,30 + y24,30 + y26,30 + y28,30 + 
y29,30J " 0 
y31,16 + y31,36 + y31,38 " °'005 (y25,31 + 
y26,31 + y28,31 + y29,31) = 0 




TABLE A-4 (contd.) 











0705 <y28,34) = 0 




- 0.0557 (y28)35 + y29f 35> 30 
racoons X36 y36,28 • °*5445 
y 35,36 )  =  °  




- 0.5167 (y24,37* = ° 






(y31,38 + y32,38 + y33, 






y39,17 + y39,38 " °'0305 (y24, 




Row Code is the code used for the corresponding equation in the computer 
program. 
TABLE A-5 
Boundary Limits of Biological Energy Flows, 
Barataria Bay, Louisiana 
Variable Lower Upper Variable Lower Upper 
































7.5 12.5 y7,4 
10.875 18.125 
y2,7 
43.125 71.875 y7,6 
5.0625 8.4375 
y2,8 

































0.0188 0.0313 y8,25 
1.2 2.0 
y5,13 
0.135 0.225 y8,26 
1.2 2.0 
y5,14 
0.03 0.05 y8,28 
4.65 7.75 
y5,15 






TABLE A-5 (cont'd.) 
Variable Lower Upper Variable Lower Upper 





























0.0188 0.0313 y16,28 
0.105 0.175 
y10,13 





0.535 1.07 y17,40 
0.0038 0.0063 
y10,21 
1.6913 2.8188 y18,4 
0.2288 0.3813 
y10,40 
0.0375 0.0625 y19,15 
0.1125 0.1875 
yll,7 














0.2 0.4 y20,22 
3.825 6.375 
yll,40 
0.2625 0.4375 y20,23 
0.375 0.625 
y12,13 
0.0075 0.0125 y21,5 
8.41. 14.015 
y12,l4 
0.0038 0.0063 y21,7 
7.5 12.5 
y12,16 
0.0038 0.0063 y21,8 
18.75 31.25 
y12,18 
0.085 0.170 y21,9 
0.2813 0.4688 
y12,21 







0.4688 0.7813 y21,12 
0.3263 0.5438 
TABLE A-5 (cont'd.) 
Variable Lower Upper Variable Lower Upper 






33.75 56.25 y25,31 
5.805 9.675 
y21,23 
7.125 11.875 y26,8 
1.2 2.0 
y21,40 
199.5975 332.6624 y26,28 
6.5625 10.9375 
y22,5 
0.2438 0.4063 y26,29 
0.7313 1.2188 
y22,8 
1.875 3.125 y26,30 
0.1875 0.3125 
y22,9 
0.21 0.35 y26,31 
0.9825 1.6375 
y22,10 
0.5138 0.8563 y27,8 
11.25 18.75 
y22,ll 
0.75 1.25 y27,21 
52.5 87.5 
y22,15 
0.0563 0.0938 y27,28 
458.25 763.75 
y22,21 
17,25 28.75 y28,7 
180.0 300.0 
y23,5 
0.2438 0.4063 y28,8 
11.25 18.75 
y23,8 







0.1875 0.3125 y28,30 
5.625 9.375 
y23,ll 
0.0375 0.0625 y28,31 
29.9625 49.9375 
y23,15 
0.0188 0.0313 y28,32 
19.7625 32.9375 
y23,21 
3.1875 5.3125 y28,33 
19.6875 32.8125 
y23,22 
0.45 0.75 y28,34 
1.65 2.75 
y24,8 
27.75 46.25 y28,35 
1.6125 2.6875 
y24,17 
0.2213 0.3688 y29,8 
1.8375 3.0625 
y24,27 
522.0 870.0 y29,14 
0.0863 0.1438 
y24,30 
0.1875 0.3125 y29,28 
16.4625 27.4375 
y24,37 
0.45 0.75 y29,30 
1.4363 2.3938 
y24,39 
19.5 32.5 y29,31 
0.75 1.25 
y25,8 
1.2 2.0 y29,32 
1.785 2.975 
y25,28 
1.725 2.875 y29,35 
0.405 0.675 
y25,29 
0.7313 1.2188 y30,ll 
0.0563 0.0938 
TABLE A-5 (cont'd.) 
Variable Lower Upper Variable Lower Upper 
Flow Limit Limit Flow Limit Limit 
y30,12 
0.1388 0.2313 y38,40 
0.0015 0.0025 
y30,14 







2.3025 3.8375 y39,28 
9.375 15.625 
y30,28 
6.8 10.5 y39,38 
0.0038 0.0063 
y31,16 
0.1013 0.1688 y40,5 
58.3275 97.2125 
y31,28 
19.425 32.375 y40,9 
0.3675 0.6125 
y31,36 







0.345 " 0.575 y40,12 
0.0113 0.0188 
y32,28 
10.3275 17.2125 y40,13 
0.0188 0.0313 
y32,36 
0.165 0.275 y40,15 
0.0038 0.0063 
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OUTPUT CONTINUEO FO*... 
C A S E  I  B A S E  C A S E  
2 1  2 2  2 3  24 2 5  
1  0 . 0  0 . 0  0  . 0  0 .  0  0 . 0  
2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
3  0 . 0  0  . 0  0 . 0  0 . 0  0 .  0  
4 2 4 . 2 5 0  0 . 0  0 . 0  0 . 0  0 . 0  
5  4 8 . 4 0 0  0 . 0  0  . 0  0 . 0  0 . 0  
6  0 . 0  0  . 0  0 . 0  0 . 0  0 . 0  
7  1 7 2 . 7 5 0  0 . 0  G .  0  0 . 0  0 . 0  
a  1 0 . 0 0 0  0 . 0  0 . 0  0 . 0  1  . 6 0 0  
9 1 . 1 5 0  0 . 0  0  . 0  0 . 0  0 . 0  
1 0  2 . 2 5 5  0 . 0  0 . 0  0 . 0  0 . 0  
1  1  0 . 0  0  . 0  0 . 0  0 . 0  0 .  0  
1 2  0 . 4 5 0  0 . 0  0 . 0  0 . 0  0 . 0  
1 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
1 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
IS 0 . 0  0 . 0  0 . 0  0 . 0  0 .  0  
1 6  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
1 7  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
la 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
1 9  2 5 . 6 0 0  0 . 0  0 . 0  0 . 0  0 . 0  
2 0  2 7 2 . 5 0 0  5 . 1 0 0  0 . 5 0 0  0 . 0  0 . 0  
2 1  0 . 0  4 5 . 0 0 0  9 . 5 0 0  0 . 0  0 . 0  
2 2  2 3 . 0 0 0  0 . 0  0 . 0  0 . 0  0 . 0  
2 3  4. 2 5 0  0 . 6 0 0  0 . 0  0 . 0  0 . 0  
2 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
2 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
2 6  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
2 7  7 0 . 0 0 0  0 . 0  0 . 0  0 . 0  0 . 0  
2 8  3 0 . 0 0 0  0 . 0  0 . 0  0 . 0  0 . 0  
2 9  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
3 0  3 . 0  7 0  0 . 0  0 . 0  0 . 0  0 . 0  
3 1  0 . 0  0 . 0  0 . 0  0 . 0  0 .  0  
3 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
3 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
3 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
3 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
3 6  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
3 7  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
3 8  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
3 9  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
40 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
S U N  0 . 0  0 . 0  0 . 0  4 2 0 0 . 0 0 0  1 4 . 5 0 0  
TOTAL 6 8 7 . 6 7 5  5 0 . 7 0 0  1 0 . 0 0 0 4 2 0 0 . 0 0 0  1 6 . 1 0 0  
2 6  2 7  2 8  2 9  3 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 .  0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 5 0 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0  . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0  . 0  6 . 2 1 0  
1 . 6 0 0  0 . 0  6 . 2 0 0  0  . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0  . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 .  0  0 .  0  0 . 0  0  . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0 7 0  0  . 0  0  . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 .  0  0 .  0  0 .  1 4 3  0  . 0  0 . 0  
0 . 0  0 . 0  0 . 3 0 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0  . 0  0 . 0  
0 . 0  0  . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 .  0  0  . 3  0  . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0  . 0  0 . 0  
0 . 0  6 9 6 . 0 0 0  0 . 0  0  . 0  0 . 2 5 0  
0 . 0  0 . 0  2 . 3 0 0  0 . 9 7 5  0 . 2 5 0  
0 . 0  0 . 0  8 . 7 5 0  0  . 9 7 5  0 . 2 5 0  
0 . 0  0 . 0  6 1 1 . 0 0 0  0  . 0  0 . 0  
0 . 0  0 . 0  0 . 0  4 6 . 8 0 0  7 . 5 0 0  
0 . 0  0 . 0  2 1 . 9 5 0  0 . 0  1  . 9 1 5  
0 . 0  0 .  0  8 . 4 0 0  0  . 0  0  . 0  
0 . 0  0 . 0  2 5 . 9 0 0  0 . 0  0 . 0  
0 . 0  0  . 0  1 3 . 7 7 0  0 . 0  0 . 0  
0 . 0  0 . 0  1 4 . 0 0 0  0  . 0  0  . 0  
0 . 0  0 . 0  1  .  1 1 5  0 . 0  0 . 0  
0 . 0  0 . 0  1  . 2 7 5  0  . 0  0 . 0  
0 . 0  0  . 0  0 . 3 0 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 3 1  0  0 . 0  0 . 0  
0 .  0  0 . 0  0 . 2 5 0  0 . 0  0 . 0  
0 . 0  0 . 0  1 2 . 5 0 0  0 . 0  0 . 0  
0 . 0  0  . 0  2 0 . 7 0 0  0 . 0  0 .  0  
1 4 . 5 0 0  0 . 0  0 . 0  0 . 0  0 . 0  
1 6 . 1 0 0  6 9 6 . 0 0 0  7 4 9 . 2 3 0  4 8 . 7 5 0  1 6 . 8 7 5  
OUTPUT CONTINUED FOR... 
C A S E  I  B A S E  C A S E  
3 1  3 2  3 3  3 4  3 5  
1  0 . 0  0 . 0  0 . 0  0 . 0  0 .  0  
2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
6  0 . 0  0 . 0  0  . 0  0 . 0  0 .  0  
7  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
8  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
9  0 . 0  0 . 0  0 . 0  0 . 0  0 .  0  
1 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
1  1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
1 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
1 3  0 . 0  0 . 0  0 . 0  0 . 0  0 .  0  
1 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
1 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
1 6  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
1 7  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
1 8  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
1 9  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
2 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
2 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
2 2  0 . 0  0 . 0  0 . 0  0 . 0  0 .  0  
2 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
2 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
2 5  7 . 7 4 0  0 . 0  0 . 0  0 . 0  0 . 0  
2 6  1 . 3 1 0  0 . 0  0 . 0  0 . 0  0 .  0  
2 7  0  . 0  0 . 0  0 . 0  0 . 0  0 . 0  
2 8  3 9 . 9 5 0  2 6 . 3 5 0  2 6 . 2 5 0  2 . 2 0 0  2 . I S O  
2 9  1  . 0 0 0  2 . 3 8 0  0 .  0  0 . 0  0 . 5 4 0  
3 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
3 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
3 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
3 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
3 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
3 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
3 6  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
3 7  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
3 8  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
3 9  0  . 0  0 . 0  0 * 0  0 . 0  0 . 0  
4 0  0 . 0  0 . 0  0 . 0  0 . 0  0 .  0  
SUN 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
T O T A L  5 0 . 0 0 0  2 8 . 7 3 0  2 6 . 2 5 0  2 . 2 0 0  2 . 6 9 0  
3 6  




0 . 0  
0 .0  
0.0 
0 .  0  





0 .  0  
0.0 
0 .  0  
0 . 0  
0 . 0  
0 . 0  
0 .  0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0 3 0  
0 . 2 2 0  
0 . 2 7 5  
0 . 0  
0 . 0 2 5  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 5 5 0  
3 7  
0.0 




0 . 0  
0.0 
0 . 0  
0 . 0  
0.0 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0.0 
0 . 0  
0.0 

























3 8  
0 . 0  
0 . 0  
0 .0  
0 . 0  
0 . 0  
0 .0  
0 .0  
0  . 0  
0 . 0  
0 . 0  
0 .0  
0 . 0  
0.0 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0  . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0 8 5  
0 . 5 0 5  
0 . 0 7 5  
0 . 0 4 0  
0 .  1 2 5  
0 . 0  
0 . 0  
0 . 0  
0 .  0 0 5  
0 . 0  
0 . 0  
0 . 8 3 5  
3 9  
0 .0  




0 » 0  
0 . 0  
0 . 0  
0 . 0  
0.0 













































0 .  150 




0.  0  
0.0  
0 . 0  
266.130 
0 .  0  
0 .0  
0 .0  
0.0 
0.0 
0 . 0  
0.0 
0 .0  
0.  0  
0 .0  
0 .0  








0 .0  
402.332 
OUTPUT CONTINUED FOR. . .  
CASE I  BASE CASE 
R E S P I R A T I O N  T O T A L  
1  9 0  . 0 0 0  3 0 7 . 0 0 0  
2  4 7  . 5 0 0  1 5 9 . 0 0 0  
3  2  . 5 0 0  5 . 0 0 0  
4  1 0  . 0 7 0  3 5 . 8 0 5  
5  2 9  . 0 5 0  1 0 1 . 1 5 0  
6  4  . 8 2 0  1 6 . 7 5 C  
7  7 2  . 0 4 0  4 5 8 . 5 5 0  
8  0  . 0  1 5 1 . 4 0 0  
9  0  . 7  1 0  2 . 4 2 5  
1 0  1  . 5 6  0  4  . 5 9 0  
1  i  1  . 6 3 0  5 . 4 2 5  
1 2  0  . 3 8 5  0  . 9 6 5  
1  3  0  . 3 2 5  1  . 1 3 5  
1 4  0  . 3 2 0  0 . 4 6 C  
1 5  0  . 3 5 5  0 . 5 1 5  
1  6  0  . 6 4 0  0 . 9 2 0  
1 7  0  . 6 9 0  0  . 9 9 5  
1 8  0  . 0  0 . 3 0 5  
1 9  6  . 4 0 0  3 2 . 1 5 0  
2 0  6 8  . 3 C 0  3 5 0 . 0 0 0  
2 1  3 1 8  •  6 C 0  6 8 7 . 6 7 5  
2 2  2 2  . 8 3 5  5 0 . 7 C 0  
2 3  4  . 1 4 5  1 0 . 0 0 0  
2 4  3 4 3 9  . 8 5 5  4 2 0 0 . 0 0 0  
2 5  3  . 2 3 5  1 6 . 1 0 0  
2 6  3  . 2 1 5  1 6 . I C O  
2 7  0  . 0  6 9 6 . 0 0 0  
2 8  3 1 3  . 0 3 0  7 4 9 . 2 3 0  
2 9  1 8  . 4 0 0  4 8 . 7 5 0  
3 0  4  . 8 6 0  1 6 . 8 7 5  
3 1  2 3  . 8 5 0  5 0 . 0 0 0  
3 2  1 3  . 7 7 5  2 6 . 7 3 0  
3 3  1 1  . 9 0 0  2 6 . 2 5 C  
3 4  0  . 9 3 0  2 . 2 0 0  
3 5  1  . 2 6 5  2 . 6 9 0  
3 6  0  . 2 5 0  0 . 5 5 0  
3 7  0  . 2 9 0  0 . 6 C 0  
3 8  0  . 5 8 3  0 . 8 3 5  
3 9  1 2  . 7 0 5  2 6 . 0 0 0  
4 0  0  . 0  9 9 . 4 7 0  
SUN 0  . 0  4 8 5 8 . 6 4 8  
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Figure A-1: Energy Itodel Formulation Diagram 
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Figure A-2 Biological Energy Flow Diagram for Marsh Species, 
Barataria Bay, Louisiana 
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Figure A-3 Biological Energy Flow Diagram for Water Species, 
Barataria Bay, Louisiana 
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TABLE A-7 
Explanation of Symbols Used in Biological Energy Flow Diagrams 
Symbol Explanation 
green plant, primary productivity 
r 
passive storage, detritus 
active storage, any species in the 
biological energy flow diagram 
where, 
S = sun energy 
R - respiration, heat sink 
A = intercompartmental energy flow 
F = feces flow 
C = fishing, catch 
E «= export to gulf 
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Commercial Fishies-Industry Model: The constraints of this model 
are based on the material balance of the total species availability 
and the allowable variations of the portion of the species available 
for particular activity such as regular canning. Mainly two species, 
crab and shrimp, were considered in this model. Optimal landings of 
these species were calculated from the energy flow model. These 
optimal landings were used for various industrial and non-industrial 
activities (the categories of which have been discussed earlier). So 
the sum of the various uses of the species should be equal to the 
optimal landing. As for example, sum of the amount of crab used for 
fresh and frozen cooking meat (X£ j) , specialities (Xc 2) » an<3 others 
(Xc is equal to the total landing of crab (y^ is or ' Further" 
more this distribution of crab for various industrial activities is 
optimized by allowing plus or minus 25 percent variation in base values. 
For base case, 6 percent of total crab landing was used for fresh 
and frozen cooking meat. This industry may get in between 4.5 percent 
to 7.5 percent of total optimal crab landing. As shown, earlier, 
the reduction in percent-share will be overridden by the increases in 
optimal landing. These variations in percent distribution are des­
cribed by the inequality constraints. Both the material balance or 
equality constraints and the inequality constraints are given in 
Table A-8. 
Recreation Model: The constraints of the recreation model des­
cribe two capacities for four recreational activities. First, the 
total available area of land and water should be more than or equal to 





















Constraint Equations Used in Commercial 
Fisheries-Industry Model, Barataria Bay, Louisiana 
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XC01 + xeo2 XC03 - xc - 0 
Xcol - °.°A48 xc > 0 
XC02 " °.°244 Xc > 0 
XC03 ~ 0,6809 XC 1 0 
xcoi - °'0746 xc i 0 
XC02 " 0*0406 XC *- ° 
XC03 ~ ̂  XC - ° 
XS01 + XS02 + XS03 + XS04 + XS05 + XS06 
+ XS07 + *S08 + XS09 " XS " ° 
XS01 " °'2964 xs - ° 
^2 " °.°092 Xs 1 0 
XS03 " 0'0245 XS i ° 
XS04 ~ 0,0153 Xg 1 0 
XS05 " °-°053 XS ^ ° 
XS06-°-1055 i ° 
XS07 ~ 0,0005 Xs 1 0 
XS08 " °-°059 XS 0 
X_. - 0.2876 X_ > 0 
i.09 S — 
X.. - 0.4940 X_ < 0 
.sOl S — 
TABLE A-% continued 
No. Haw Code Equation 
19 RI26 *02 " °-0153 XS - ° 
20 RI27 J03 ' °-°408 XS - ° 
21 RI28 *04 " °'0255 XS 5- 0 
22 RI29 X_. - 0.0089 X. < 0 SU5 S — 
23 RI30 Xq6 " 0.1759 Xg <_ 0 
24 RI31 Xn, - 0.0008 X < 0 ^07 S — 
25 RI32 X-Q - 0.0098 X_ < 0 sOo S — 
26 RI33 *09 ~ 0.4793 Xg <. 0 
XC ~y12,18 and XS "y9, 18 + y10,18 
Raw Code Is the code used for corresponding equation In the com­
puter program. 
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sport fishing, pleasure boating, water skiing, and beach swimming. 
As for example 1.21 acre of water and 0.012 acre of land is required 
for sport fishing per person per day. The pleasure boating requires 
2.22 acres of water and 0.0086 acre of land while water skiing activity 
needs the same amount of land but 4.44 acres of water. Beach swimming 
uses only 0.0006 acre of water and 0.003 acre of land per person per 
day. The total available area is 8520 acres of water and 35 acres 
of land per day. Only this can be used for recreational activities. 
In other words, 0.026 (8520/331,187) acres of water area is available 
per acre of regional area and that for land is 0.00011 (35/331*187) 
acros per acre of regional area. As shown in Table A-9, the values of 
variables such as R^, are in terms of visitors per acre of regional area 
per year. For the constraint describing water and land area. 
should be in terms of visitors per acres of regional area per day. 
These values can be obtained by dividing each left hand side term of 
equations RCR01 and RCR02 by 365 in Table A-9 for these two capacity 
constraints. 
The variations in number of visitors are allowed only by 20 to 
30 percent of the base values. These limits are also given in Table 
A-9. For example, a minimum of 400,000 persons should visit the 
region per year for sport fishing and the number of visitors should not 
increase more than 650,000 per year for the same activity. This means 
the lower limit for sport fishing is 1.21 persons per acre of region 
per year and the upper limit is 1.96 persons per acre of region per 
year. The table also gives the upper and lower limits for pleasure 
boating, water skiing, and beach swimming. 
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TABLE A-9 
Constraint Equations Used in Recreation Model, 
Barataria Bay, Louisiana 
No. Raw Code Equation 
1 RCR01 1.2lRp + 2.22RB1 + 4.44RJJ2 + 0.0006RR ̂  
0.026 x 365 or 9.3899 
2 RCR02 0.012Rp + 0.0086 (Rb1 + R^) 
+ 0.003R^ 0.00011 x 365 or 0.0386 
3 RCR03 Rp >.1.2078 
4 RCR04 RB1 >. 0.2265 
5 RCR05 Rb2 >. 0.2265 
6 RCR06 Rr ^ 0.3019 
7 RCR07 Rp <_ 1.9626 
8 RCR08 ^ <. 0.4529 
9 RCR09 Rb2 <_ 0.4529 
10 RCR10 R^ < 0.6039 
11 RCR11 BB1 + "B2 <- 0-7549 
where R^ 13 Visitors coming for sport fishing/(year)(acre of region) 
Rg^ ° Visitors coming for pleasure boating/(year)(acre of region) 
Rg2 = Visitors coming for water skiing/(year)(acre of region) 
and coefficients on right hand side of equation 1 are in acres of 
water/(visitors/day) and those of in equation 2 are in acres of 
land/(visitors/day). 
Raw code is the tiode used for the corresponding equation in computer 
program. 
APPENDIX B 
MATHEMATICAL PROGRAMMING SYSTEM-CONTROL PROGRAM AND INPUT 
The Mathematical Programming System (MPS) control program used in 
in the regional analysis to obtain the optimal solution by linear pro­
gramming is listed in this appendix. For further details of the pro­
gram and its uses, the IBM Users Manual (Ref. 3.15) should be studied. 
Also the input format is given. 
MPS Control Statements 
The MPS control statements decide and ultimately perform the pro­
cedures for the analysis. These control cards are punched starting 
from column 10. The definitions of the control statements are avail­
able in the standard manuals (Ref. 3.15, 3.16). As shown in Table 
B-l, the control cards listed on left hand side, were used for initial 
optimization. The listings in the middle and in right hand side were 
used for sensitivity analyses. The control cards listed in the middle 
were used for studying the effects of the variations in the availabi­
lity of the different resources. Two of these control cards were 
changed for each resource availability analysis. These two control 
cards were XPARMAX and XPARDELT. The values are different for these two 
variable for an individual analysis. For example, XPARMAX is equal 
to 1.5 and XPARDELT is equal to 0.15 for the oyster availability analy­
sis. These two values will be different for other analyses. All of 
these values are given in the input listings. 
The right most listing in Table B-l was used to study the effects 
of the variations in the cost coefficient of various variables. This 
program also contained the two cards, XPARMAX, and XPARDELT as those 
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TABLE B-l 
MPS Control Program 
Initial Optimization 
Post Optimal Analysis 
Change in Right Hand Side Change in Cost-Coefficient 
P R O G R A M  Iprogram PROGRAM 
TITLct•BARATARIA FOOD *EB ' > |T ITLE( 'BARATAR I A FOOC WEB ' ) TITL E(
8 BARATAR I A FOOD WEB') 
IN IT IAL 2 IN IT IALZ INIT IALZ 
MOVE(XDATA»'FOOC WEB ' ) MOVECXDATA.'FOOD WEB*) MO VE(XDAT A « 'FOOD WEB') 
MOVE(XPBNAME. *PBF ILE• ) MOVE(XPENAME.'PBF ILE' ) MOVE( XPBNAME. 'PBFILE ' ) 
MOVE(XOB J «•COST•) MOVEC XOBJ * • COST ' ) MOVE(XOBJ.'COST') 
MOVE(XRHS»•RHSO1•) MOVE (XRHS'i 'RHSO 1 • ) MOVE ( XRHS. 'RHSO1') 
CONV ERT(•SUMMARY•, 'CHECK") CONVER T( •SUMMARY•.'CHECK•) CONVERT('SUMMARY'.'CHECK') 
ECCOUT SETUPt•BOUND' .'BOUND'. 'MAX ' ) SETUFC 'BOUND* . 'EOUNC. 'MAX' ) 
SETUPt•BOUND* *'BOUND'< 'MAX*) MOVE(XDATA«'BAS IS') MOVEtXDATA.'BASIS') 
PICTURE INSERT INSERT 
CRASH PRIMAL PR IMAL 
XEFS=1 .0 SOLUTION SOLUTION 
P RIM AL MOVE(XCATA• 'FW2' ) MOVE(XCATA. 'FW2 ' ) 
XEFS=0.0 MOVE(XPBNAME.'PB2') MOVE(XPBNAME.'PB2') 
OU AL MOVE(XOLDNANE•'PBFILE' ) MOVE(XOLDNAME*'PBFILE') 
PR IMAL REVISE REVISE 
SOLUTION S E T U P t  ' B O U N D ' • ' B O U N D ' . ' M A X  '  )  jsETUP('BOUND'.'BCUND','MAX') 
RANGE MOVE(XCHCQL.'RHS02') |MO VE (XCHROW • ' COSTN ' ) 
EX IT XPARAM=C.O jX P AR AM=0 • 0 
PENC PAR ARHS('CONT* ) |PARA0EJ( 'CONT' ) 
SOLUTION SOLUTION 
CONTINUE CONT INUE 
EX IT EX IT 
PEND PEND 
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in resource availability analysis. As described earlier these two 
cards also need to be changed for each analysis. These various values 
are also given in the input listing. 
Input Format and Listings 
The program package input is schemetically shown in Figure B-l. 
Only, the program used for optimization is shown in the figure. The 
additional data set used for sensitivity analyses are listed with the 
input listings. 
The input format is given in Table B-2 for the data used in the 
analysis. As shown in the table, the first card gives the name of the 
data set. Then the data are provided in four sections; ROWS, COLUMNS, 
RHS, and BOUNDS. The data used in the program are listed in listing 
B-l. This initial data set was used for optimization. 
In Listing B-2, the used input data are given for the sensitivity 
analysis - variations in resource availability. In addition to these 
data, BASIS (see IBM manual for more details) data set was used to 
obtain the initial optimization status in one step. This data set 
was obtained by punching cards during the initial optimization analysis. 
Similar data set was used for the other sensitivity analysis - varia­
tions in cost coefficient. The data input used in this analysis are 
listed in Listing B-3. In these two listings (B-2, and B-3) , first 
the general format is given followed by the input data for each 
analysis. 
LO BOUND C0205 14.5 
BOUNDS 
RHSOl R0W03 5.0 R0W07 70.0 
RHS 




NAMK FOOD CHAIN ANALYSTS 
INPUT DATA 
CONTROL PROGRAM 
./CI. CARDS -J Y 
S 
Figure B-l Input Data Deck - MPS Program 
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TABLE B-2 
Input Format for MPS Program 
Card Columns Contents 
1 1-4 Name 
15-72 Name of the problem 
2 1-4 Rows 
3... 2 or 3 N- code, objective function 
E- code, equality constraint 
G- code, greater than-constraint 
L- code, less than-constraint 
5-12 name of the row (one row per card) 






name of the column 
name of the corresponding row 
value of the corresponding coefficient 
name of the other corresponding row (optional) 
value of the other corresponding coefficient* 






name of the right hand side column 
name of the corresponding row 
value of the corresponding coefficient* 
name of the other corresponding row (optional) 
value of the other corresponding coefficient 





LO - lower bound 
UP - upper bound 
name of the bounds 
name of the column 
value of the corresponding bound* 
10 1-6 ENDATA 
* Any one of the formats, I or F, can be used. 
LISTING R-1 








Q o o o o o o o o o < H M x M H H r t M r t i \ i m i \ i M f t i m A i i \ i i \ i i \ | i « i i n K ) r i i < )  
U X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X  
UJ (/) 
X * £ 
<  U  U J U i U J ( U U J U J t J j U J U J l l J U J l J j U J U i U J U J U J U J U J I l l U J U J U J U J U J U J U J U J U J U i U J U J U J  
jH 11 
e  X  3 5  
E  X 3 6  
E  X 3 7  
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C 0 7 0 4  X 0 7  1  . c c o o  
C 0 7 0 6  X  0 7  1  . 0 0 0 0  
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C 0 7 2 1  X  2  1  - 0 .  4 8 5 6  
C 0 7 3 0  X  0 7  1 . c c c o  
C 0 7 4 0  X 0 7  l . C O C O  
C O  6 0  1  X  0 8  l . C O O O  
C 0 8 0 2  X  0 8  1 . 0 0 0 0  
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C 2 3 1  1  X  2 3  1 . C C C O  
C 2 3 1 5  X  2 3  1 . 0 0 0 0  
C 2 3 2 1  X  2  1  —  C • 4 8 5 8  
C 2 3 2 2  X  2 3  1 . 0 0 0 0  
C 2 4 0 8  X  0  8  - 0 . 5 6 2 7  
C 2 4 1 7  X  2 4  1 . C C O O  
C 2 4 2 7  X 2 7  -  1  . 0 0 0 0  
C 2 4 3 0  X  2 4  1 . 0 0 0 0  
C 2 4 3 7  X  2 4  1 . 0 0 0 0  
C 2 4 3 9  X 2 4  1 . C C C C  
C 2 5 0 8  X 0 8  - 0 . 5 6 2 7  
C 2 5 2 8  X  2 8  - 0 . 2 0 1 8  
C 2 5 2 9  X 2 E  1  . 0 0 0 0  
C 2 5 3 0  X 2 5  1  . C C C C  
C 2 5 3 1  X 2 5  1 . 0 0 0 0  
C 2 6 0 8  X 0 8  - 0 . 5 6 2 7  
C 2 6 2 8  X  2 8  - 0 . 2 0 1 e  
C 2 6 2 9  X 2 6  1  . 0 0 0 0  
C 2 6 3 0  X 2 6  1  . C O O O  
C 2 6 3 1  X  2 6  1  . C O O O  
C 2 7 0 8  X  0  8  - 0 . 5 6 2 7  
C 2 7 0 8  X  2 7  1  .  C  
C 2 7 2 1  X 2 1  - 0 . 4 8 5 8  
C 2 7 2 1  X  2 7  1 . 0  
C 2 7 2 8  X  2 7  1 . 0  
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X I 0  - 0 . 1 6 4 5  
X l l  - 0 . 1 4 6 5  
X I  5  - 0 . 0 0 9 7  
X 2 2  - 0 . 0 4 6 6  
X I 7  - 0 . 0 0 5 0  
X 3 C  - 0 . 0 3 2 3  
X 3 7  - 0 . 5 1 6 7  
X 3 9  - 0 . 0 3 0 5  
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X 3 1  - 0 . 0 0 5 0  
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C 3 3 2 8  X  2 8  - 0 . 2 0 1 8  
C 3 3 3 6  X 3 3  1 . C C C C  
C 5 3 3 8  X 3 3  1  . O O O C  
C 3 4 1 4  X  3 4  1 . 0 0 0 0  
C  3 4 2 8  X 2 8  - 0 . 2 0 1 8  
C 3 4 3 8  X 3 4  1 . C C O O  
C 3 5 2 8  X 2 8  - 0 . 2 C 1 8  
C 3 5 3 6  X  3 5  1 . 0 0 0 0  
C 3 5 3 8  X  3 5  1 . C C C O  
C 3 6 2 8  X  3 6  1 . O C O O  
C 3 7 2 8  X 3 7  1 . 0 0 0 0  
C 3 8 2 8  X  2 8  - 0 . 2 0 1 8  
X 3 3  - 0 . 0 1 3 4  
X 3 4  - 0 . 0 7 0 5  
X 3 5  - 0 . 0 5 5 7  
X 1 4  - 0 . 3 0 4 3  
X 3 0  - 0 . 0 3 2 3  
X 3 1  - 0 . 0 0 5 0  
X 3 2  - 0 . 0 4 1 2  
X 3 5  - 0 . 0 5 5 7  
X l l  - 0 . 1 4 6 5  
X 1  2  - 0 . 1 3 4 7  
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X 1 6  - 0 . 3 0 4 3  
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X 3 8  - 0 . 0 0 2 4  
X 3 6  - 0 . 5 4 4 5  
X 3 8  - 0 . 0 0 2 4  
X  1 4  - 0 . 3 0 4 3  
X 3 8  - 0 . 0 0 2 4  
X 3 6  - 0 . 5 4 4 5  
X 3 8  - 0 . 0 0 2 4  
X 2 8  - 0 . 2 0 1 8  
X 2 8  - 0 . 2 0 1 8  
C 3 8 4  0  X 3 8  1 . C 0 0 0  
C 3 9 1 6  X  3 9  1 . C C C C  
C 3 9 1 7  X 3 S  1  . 0 0 0 0  
C 3 9 2 8  X 2 8  - 0 . 2 0 1 8  
C 3 9 3 8  X 3 9  1 . C 0 0 0  
C 4 0 0 5  X 0 5  - 0 . 2 3 4 3  
C 4 0 0 9  X O S  - 0 . 2 5 3 0  
C 4 0  1 0  X  1 0  - 0 . 1 6 4 5  
C 4  O i l  X I  1  - 0 . ^ 4 6 5  
C 4 0  1 2  X  1 2  - 0 . 1 3 4 7  
C 4 0 1 3  X  1  3  - 0 .  1 6 3 0  
C 4 0  1 5  X  1 5  - 0 . C 0 9 7  
C 4 0 2 8  X 2 8  - 0  . 2 0  1 8  
C X C O  1  C O S T  1 5 9 . 3 6 4 6  
C X C 0 1  R I O S  1 .  
C X C 0 2  C O S T  e e . 9 7 4 e  
C X C 0 2  R I  1 0  1  .  
C X C O  3  C O S T  9 . 3 6 9 2  
C X C 0 3  R i l l  1  .  
C X S 0 1  C O S T  £ 5 . 0 7 8 8  
C X S 0 1  R I  1 6  1 .  
C X S 0 2  C O S T  4 5 . 6 8 6 0  
C X S 0 2  R I  1 7  1 .  
C X S 0 3  C O S T  1 2 1 . 4 1 3 0  
C X S 0 3  R  I  1 8  1  .  
C X S 0 4  C O S T  4 7 . 5 3 0 1  
C X S 0 4  R I  1 9  1 .  
C X S 0 5  C O S T  E 3 . 0 C 2 9  
C X S 0 5  R  1 2 0  1 .  
C X S 0  6  C O S T  6 8 . 5 1 6 7  
C X S 0 6  R  1 2 1  1 .  
C X S 0 7  C O S T  1 3 1 . 7 0 4 2  
C X S 0 7  R  I  2 2  1  .  
C X S 0 8  C O S T  1 0 3 . 8 6 4 3  
C X S 0 8  R I  2 3  1  .  
C X S 0 9  C O S T  2 3 . 9 7 3 3  
X 1 6  - 0 . 3 0 4 3  
X I 7  - 0 . 0 0 5 0  
X 3 f i  - 0 . 0 0 2 4  
R  I  0 6  
R I 1 2  
R I 0 8  
R I  1 3  
RI 08 
R I  1 4  
R I 1 5  
R I  2 5  
R I  1 5  
R 1 2 6  
R I  1 5  
R  1 2 7  
R I  1 5  
R  I  2 8  
R  1 1 5  
R 1 2 9  
R I  1 5  
R  I  3 0  
R I  1 5  
R 1 3 1  
R I  1 5  
R 1 3 2  
R 115 
CXS09 R I  24 1. R I  33 
CRF COST ei .54 RCR01 
CRF RCR0 2 0 .  012 RCR03 
CRF RCR07 1. 
CRB1 COST 42 .40 RCR01 
CR81 RCR02 • 0 C86 RCR04 
CRei RCR08 1. RCR11 
CRB2 COST 42 .  4 C RCR01 
CRB2 RCR02 0. 0086 RCR05 
CRB2 RCR09 1 .  RCR1 1 
CRR COST 18 .26 RCR01 
CRR RCR02 0. 003 RCR06 
CRR RCR10 1. 
iHS 
RHSO 1 X01 S5 .8926 
RHSO 1 XI 9 0. 1479 
RHSO 1 X20 8.C347 
RHSOl X24 27.3C00 
RHSOl X25 8.0751 
RHSOl X26 2.2623 
RHSO 1 RCR01 9. 38S9 RCR02 
RHSOl RCR03 1 .  2078 RCR04 
RHSO 1 RCR05 C. 22C5 RCR06 
RHSO I  RCR07 1. 9626 RCR08 
RHSO 1 RCR09 C. 452 9 RCRIO 
RHSOl RCR11 0. 7549 
ICUNDS 
L0 EOUNC CO 102 11.625CC 
UP BCUND C01Q2 19.37500 
LO BOUND CO 104 15.75C00 
UP BCUND CO 104 26.25000 
LO eauND CO 105 8.64CCC 
UP BCUNC CO 105 14.4CC00 
LO BOUND CO 107 64.63499 
UP BCUND CO 10 7 1C7 .72499 
LC BOUND c o i o e  22.5CC0C 
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SIZ 
UP eouNC C 1407 C.08750 
LC BOUND C 1 428 0.05250 
UP eOUND CI 428 0.08750 
LO BOUND C1 507 0.11625 
UP BOUND C 1 507 0.19375 
LC BOUND CI 540 0.00375 
UP BOUND C 1 540 C.00625 
LO BCUND C 1607 C.10500 
UP BOUND CI 607 0.17500 
LC ECUNC C 1 628 C.1C5CC 
UP BOUND C 16 28 C.17500 
LO BOUND C 17 28 C.22500 
UP BCUND C 1 728 0 * 37500 
LO ECUND C1 740 0.00375 
UP BOUND C 1740 0.00625 
LO BOUND C 180 4 C.22875 
UP BCUND C 160 4 C.38 125 
LO BOUND CI 915 0.11250 
UP BOUND C19 15 0.18750 
LC BOUND C1921 19.20000 
UP EOUNC C 1921 32.OOCCC 
LO BOUND C20C9 0.88125 
UP BOUND C2009 1.46875 
LO SOUND C2010 1.81875 
UP EOUNC C20 10 2.03125 
LO BOUND C2021 204.37500 
UP BOUND C2021 340.62500 
LO BOUND C2022 3.82500 
UP EOUNC C 20 22 6.3750C 
LO BCUND C2023 0.37500 
UP BOUND C2023 0.62500 
LC BCUND C210S b.41000 
UP eOUNC C2105 14.0150 C 
LO BOUND C2107 7.50C00 
UP BOUND C2107 12.5C000 
LC BOUND C2108 Id.75000 
U P  BOUND C2108 31.25000 
LG BCUND C2109 0 . 2 8 1 2 5  
U P  eCUNO C21 09 0 . 4 6 8 7 5  
LO BOUND C 2 1 1 0  C.68625 
U P  BOUND C2110 1 . 1 4 3 7 5  
LC BCUND C2111 0 .  3 3750 
U P  E Q U N C  C 2 1 1 1 0 . 5 6 2 5 C  
LC BOUND C21 12 0 . 3 2 6 2 5  
U P  BCUND C 2 112 C . 5 4 3 7 5  
LO BOUND C2115 C . 0 4 5 0 0  
U P  BCUND C2115 0 .07500 
LC BOUND C2122 3 3 . 7 5 0 0 0  
U P  BOUND C2122 5 6 . 2 5 0 0 0  
LO BOUNC C2123 7.125CC 
U P  BOUND C2123 1  l . e 7 5 0 0  
LO BOUND C2140 199.59753 
U P  BOUND C2140 332.66235 
LC BCUND C2205 0.24375 
U P  BCUND C2205 0.40625 
LO BOUND C2208 1.87500 
U P  BOUND C2 208 3.12500 
LC BCUND C2209 0.21C00 
U P  BOUND C2209 0.35C0C 
LC BOUND C2210 0.51375 
U P  BOUND C2210 0.85625 
LC BCUND C2211 C.75000 
U P  BOUND C221 1 1 .25C00 
LO BOUND C2215 0.05625 
U P  BOUND C2215 0.09375 
LO BCUND C2221 17.25000 
U P  BOUND C2221 28.75C00 
LO BOUND C2305 0.24375 
U P  BOUND C2305 0.40625 
LO BOUNC C2308 0.1875C 
U P  BOUND C23Q8 0.31250 
LC BOUND C2309 0.07875 
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UP BCUND C2628 10.93750 
u c  eOUNO C2629 C.73125 
UP BCUND C2629 1 .21875 
LQ EOUNC C2630 0 . i e 7 5 C  
UP BCUND C2C30 0.31250 
LQ BOUND C2631 0.98250 
UP BOUND C2631 1.63750 
LO EOUNC C2708 1 1.25CCC 
UP BOUND C2708 18.75C00 
LC HOUND C2721 52.5CCC0 
UP BOUND C2721 e7.50000 
LC BCUND C2728 458.25C00 
UP BOUND C2728 763.75000 
LC BOUND C2807 180.CCCOO 
UP BOUND C2807 3C0.00000 
LO BOUND C2808 1 1.25000 
UP BCUND C2808 1 £.75 COO 
LO BOUND C 282 1 22 .50000 
UP BOUND C28 21 37.5 C COO 
LC BCUND C2829 35.09999 
UP BOUND C2829 58.50C00 
LO BOUND C2830 5 o62500 
UP BOUND C28 30 9.37500 
LC BOUND C2831 29.96249 
UP BCUND C2831 49.93750 
LO BCUND C2832 19.76250 
UP BOUND C2832 32.93750 
LC BCUND C2833 19.68750 
UP BOUND C 2 e 3 3  32.81250 
LO BOUND C2834 1.65000 
UP BOUND C2834 2.75C00 
LC BCUND C2835 1.61250 
UP BCUNC C2835 2.6875C 
LO BOUND C2908 1.83750 
UP BOUND C 2908 3.06250 
LO BOUND C2914 0. 0 e C 2 5  
UP BOUND C2S14 0•14375 
LO EOUNC C2928 16.46249 
UP BOUND C2928 27.43750 
LC BOUND C2930 1.43625 
UP EOUNC C 29 30 2.39375 
LC BCUND C2S31 0.75C00 
UP BOUND C2931 1 .25C00 
LO BOUND C2932 1.78500 
UP BCUND C2932 2 .97E00 
LC BOUND C2S35 0.40500 
UP BOUND C2935 0.67500 
LO BOUND C30 11 C.05625 
UP BCUND C301 1 0.09375 
LO ECUNC C 30 1 2 0.13875 
UP BCUND C3012 0.23125 
LC BOUND C3014 0 .04125 
UP EOUNC C 30 1 4 C.06675 
LO BOUND C3016 0.17250 
UP BOUND C30 16 0.28750 
LO BOUND C3021 2.30250 
UP BCUND C302 I  3.83750 
LO eauNC C3028 6.3CCC0 
UP BOUND C3028 10.50000 
LO BOUND C3116 C.10125 
UP BOUND C31 1 6 0.16875 
LO BOUND C 3 128 19.42500 
UP eOUNO C3126 32.37500 
LC BOUND C3136 0.02250 
UP BCUND C3 136 0.03750 
LO BOUNC C3138 C.C6375 
Uf* BOUND C3138 0.10625 
LO BOUND C 3 2 1 6  0.34500 
UP BOUNC C 3 2 1 6  0.S7SCC 
LO BOUND C 3 2 2 8  10.32750 
UP BOUND C 3 2 2 8  17.21249 




r c r c r c r c r c r c r c r c r c r c r c r c r c r c r c r c r c r c 
a TJ n u o "0 o •o n TJ o TJ a •o • •o o "0 o "D n TJ o "0 a TJ n T1 o •0 a TJ o "0 o •D 
a ra m m CD (D w m CD CD rn a) m m ro CD CD m CD 00 ro CD ra CD CD 01 m CD ro m CD CD ro ro a> CD 
a o n o • n n o O O o o o o o O O o o o o O n c O O n O a o O O o o a o 
c c c c c c c c c c c c c c c c c c c c c c C c c c c c c c c c c c c c 
z z z z z z z z z z z z z z z z z z z z z z z z z z 7 z z z z z z z z z 
o o o CJ o o o o o o o o o a n o o o a o D o o a o a o a o o o o o n o o 
n n n n n o n n n n r> n n n n n n o n n o n n o n o n o n o n n n n n 
u u Ul Ul UJ Ul (j Ul u u Ul u Ul ui («i Ul Ul Ul (•j Ul u Ul (j Ul u Ul (J Ul Ul Ul (J Ul u Ul u Ul 
<0 <c 1D lO to <o >0 00 a a> a n\ Ov Ul Ul Ul Ul Ul Ul *> » * (U Ul Ul Ul («i u ra ra ro 
Ul ra ra ** ** A 4> rvj ra ra (V) ra ra (kl Ul Ul Ul ra ra Ul Ul ra ra ** Ul Ul Ul Ul ra ra UJ (j u 











o o o 
• • • • • • • • • • • • • • • • • » • • • • • • • • • • • • « « • • • • 
o <X la a Ul o o o lit Ul ra (w ra o o o Ul o o u CD o o o u ro Ul Ul Ul ra 
o ra •J N ra to* 0> o o *- no <p Ul -J ra Ul «o (<l « Ul Ul Ul v0 Ul o OD <0 Ul o o o u "J 
Ul in tn Ul Ul (0 M M •j M Ul tn 0> Ul N* no Ul o o o Ul Oi (J rr. 111 » Ui fh o n OD Ul 
s o o o o Ul Ul Ul Ul Ul Ul Ul Ul o o ra ra •>i -j ra o o •J ra >1 ra •J ra >1 ra o o ra o 
Ul o o o o o o O o o n o o o n (n Ul tn Ul in (ii o o tn Ul in tn in Ul Ul (n o o Ul <n o 
IZZ 
z c r c r c r c r c r c r c r c r c  
o u n u o u o u o u n u o t J O D O T }  
> 
H c u m r a C D m m c D a i r a c i i r a c D m a i r o f E m  
> o o o o o o o o o n o o o n n a o  
c c c c c c c c c c c c c c c c c  
z z z z z z z z z z z z z z z z z  
o a n o o n o o o o o o o o o o o  
o n o n n o n n n  
O O O O O O O O O  
ro ro >- •-
a i f l D U l U l W ( < l M N « -
n n n n n n n n  
O O O O O O O v O  
m m h O O O O I I I  
n o o d i o u i u i a  
ro •-
u i t n o o o o o o n  
•  • • •  «  •  a •  •  
( B U I O O O O O O * *  
<n m o\ <j •» « no •- >i 
o o N M M - > j > j r o ( r  
o o in rn cn tn in <n o 
iA cn 
o o n n o - j o c o  
•  • • • • • • •  
i - u r o o i i i i y i i i o  
» < | U r < f l i H N O  
ID >1 M (II III » Ul M 
o i n m o o i A o t n  
223 
LISTING B-2 
Input Data Used for Sensitivity Analysis -
Variations in Resource Availability 
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
C THE FOLLOWING CARDS WERE USED FOR SENSITIVITY ANALYSIS-VARIATIONS 
C IN RESOURCE AV AIL AB IL ITY •  •  •  
C THE CARCS WITH TWO STARS ON RHS WERE CHANGED FOR VARIOUS CASES.. .  
C***********************************************************************  
C VARIATIONS IN OYSTER LANDING..  
XPARMAX= 1.5 **  







CO A18 RONU 1.  **  
RHS 
MODIFY 
RHS01 RONU 0.146 **  
BOUNDS 
MODIFY 
LO BOUND C0418 0.0 **  
UP BOUND C04 18 3 .  **  
ENDATA 
C**** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
C VARIATIONS IN MENHADEN LANDING..  
XPARMAX=45. 
XPARDELT=4. 
C0SI8 RONU 1.  
RHS01 RONU 17.  
LO BOUND COS18 0.0 
UP BOUND C0518 85.  
C***********************************************************************  
C VARIATIONS IN WHITE SHRIMP LANDING..  
X PARMAX=1. 
XPARDELT=0.1 
C0918 RONU 1.  
RHSOI RONU 0.324 
LO BOUND CO91 8 0.0 
UP BOUND C0918 2.  
c*********************************************************************** 
C VARIATIONS IN BROWN SHRIMP LANDING..  
XPARMAX=1.2 
XPARDELT=0.1 
CIO 18 RONU 1.  
RHSOI RONU 0.292 
RHS02 RONU 1.  
LO BOUND C1018 0.0 
UP BOUND C1018 2.5 
C***********************************************************************  
C VARIATIONS IN BLUE CRAB LANDING*.  
XPARMAX=0.18 
XP AROELT=0 *02 
CI218 RONU 1.  
RHSOI RONU 0.042 
LO BOUND C1218 0.0 
UP BOUND C1218 0.35 
C*********************************************************************** 
C FOR VARIATIONS IN WATER AND LAND AREA. NO NEW ROW IS NEEDEDC RONU) 
C BUT NEW RHS -  RHS02 -  IS ADDED AS GIVEN BELOW.. .  
C***********************************************************************  
C VARIATIONS IN WATER AREA FOR RECREATION..  
XPARMAX=12. 
XP AR CELT =1.  0 
RHSOI RCR01 2.0 
RHSOI RCR0 3 0.40 
RHS02 RCR01 1.  
C***********************************************************************  
C VARIATIONS IN LAND AREA FOR RECREATION..  
XPARMAX=0.07 
XPARDELT=0.005 
RHSOI RCR02 0.010 










































































Input Data IFsed for Sensitivity Analysis 
Variations in Cost Coefficient 
C * * * » * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
C THE FOLLOWING CARDS WERE USED FOR SENSITIVITY ANALYSIS-VARIATIONS 
C IN COST COEFFICIENTS. . ,  
C THE CARDS WITH TWO STARS ON RHS WERE CHANGED FOR VARIOUS CASES.. .  
C******************************:»**************************************** 
C VARIATIONS IN DOCK-SIDE PRICE OF OYSTER..  
XP ARM AX =  100.  * *  







C0418 COST 1 .  COSTN 1 .  * *  
ENDATA 
C*********************************************************************** 
C VARIATIONS IN DOCK-SIDE PRICE OF MENHADEN..  
XPARMAX=3.  
XPARDELT=0.3 
C0518 COST 0 .3  COSTN 1 .0  
C***********************************************************************  
C VARIATIONS IN PRICE OF C-FFCM..  
XPARMAX=320« 
XP ARDELT =40» 
CXC01 COST 1 .  COSTN 1 .  
C******************* i [ t *  * **************  *****************  ******  ************  
C VARIATIONS IN PRICE QF C-SP. .  
XPARMAX=150.  
XP AR DEL T= 15 o 
CXC02 COST 1 .  COSTN I .  
C***********************************************************************  
C VARIATIONS IN PRICE OF C-OTH..  
XP ARM AX =20.  
X P AR DEL T=2•  
CXC03 COST 1 .  COSTN 1 .  
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
C VARIATIONS IN ICE OF S-FFRH..  
XPARMAX=1«0.  
X P AR DELT= 14 •  
CXS01 COST 1 .  COSTN I .  
C***********************************************************************  
C VARIATIONS IN PRICE OF S-PR. .  
XPARMAX=100.  
XPARDELT =10*  
CXS02 COST 1 .  COSTN 1 .  
C**************#********#***********************************************  
C VARIATIONS IN PRICE OF S-PC. .  
XPARMAX=2S0« 
XP AR DELT =  25•  
CXS03 COST 1 .  COSTN 1 .  
C***********************************************************************  
C VARIATIONS IN PRICE OF S-BRC..  
XP ARMAX=100•  
XPARDEuT=IO.  
CXSO* COST 1 .  COSTN 1 .  
C***********************************************************************  
C VARIATIONS IN PRICE OF S-SP. .  
XPARMAX=1 10.  
X P AR DEL T= 11 •  
CXS05 COST 1 .  COSTN 1 .  
C***********************************************************************  
C VARIATIONS IN PRICE OF S-RC. .  
XPARMAX=180• 
XPAR0ELT=18.  
CXS06 COST 1 .  COSTN 1 .  
C***********************************************************************  
C VARIATIONS IN PRICE OF S-SPC..  
XP ARMAX=270•  
X P ARDEL T = 27• 
CXS07 COST 1 .  COSTN 1 .  
C***********************************************************************  
C VARIATIONS IN PRICE OF S-SD..  
XPARMAX=210.  
XPARDELT =21.  
CXS08 COST 1.  COSTN 1.  
C*********************************************************************** 
C VARIATIONS IN PRICE OF S-OTH..  
XPARMAX=50. 
.  X P AR DEL T= 5 •  
CXS09 COST 1.  COSTN 1.  
C***********************************************************************  
C VARIATIONS IN NET INCOME FROM SPORT FISHING VISITORS..  
XPARMAX=125.  
XPARDELT=12.  
CRF COST I .  COSTN I .  
C**** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
C VARIATIOSS IN NET INCOME FROM PLEASURE BOATING VISITORS..  
XPARMAX=90. 
XPARDELT=9. 
CRB1 COST 1.  COSTN 1.  
C**** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  * * * * * * * *  
C VARIATIONS IN NET INCOME FROM WATER SKIING VISITORS*.  
XP ARMAX=90.  
XP AROELT=9. 
CRB2 COST 1.  COSTN 1.  
C**** * * * * * *  * * * * * * * * * * * *  * * * * * * * * * * *  * * * * * *  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
C VARIATIONS IN NET INCOME FROM BEACH SHIMMING VISITORS*.  
X P ARM AX= 40 .  
XPARDELT=4. 
CRR COST 1 .  COSTN 1.  
C************************************************************  ***********  
APPENDIX C 
RESULTS OF LINEAR PROGRAMMING ANLYSIS 
The results of linear programming analysis are given in this ap­
pendix. These results are presented in two sections. In the first 
section, the optimization results are given for the regional model. 
The results of sensitivity analyses are presented in the second section. 
Optimization 
The result of optimization have been discussed in Chapter IV. In 
this appendix the detailed results are given. Mainly the outputs from 
MPS program are presented. For example, the optimal pattern for the 
regional model is given in Table C-l. The results in this table show 
the optimal values of each variable of the regional model. These 
variables include energy flows among various species, allocation of 
crab and shrimp to different processing activities, and the number of 
visitors coming for various recreational activities. In the table, the 
values are given for the optimal amount of resources used. 
An individual variable code given in Table C-l is explained in Apr 
pendix A. The second column in this table indicates whether the value 
of the corresponding row/column is at its fixed value (EP), lower 
limit (LL), upper limit (UL), or inbetween the limits (BS). The 
optimal values are given in third column under the title ACTIVITY. 
For further details, the MPS manuals (Ref. 4.1) must be refferred. 
Sensitivity Analysis 
All of the results of sensitivity analysis have been discussed in 
Chapter IV. Only five results were given in that chapter. The rest 
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TABLE C-l 
Optimal Values of Variables in Regional Model, 
Baratarla Bay, Louisiana 
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BARATAfllA FOOC IE8 
NUHNI •COLUMN. AT ...ACTIVITY IMPUT COST.* 
126 C09I3 LL •015C0 
127 C09I4 LL •02250 
12* CO* 16 OS •64626 
A 129 C0921 ML 1*43750 
130 COO 40 LL •01125 
131 ClOtl LL •01500 
132 CI0I2 LL •01675 
133 CIO 13 LL •07500 
134 CI014 LL •01675 
133 CI 01 6 BS •776B2 
A 136 C102I UL 2*61675 
137 C1040 LL •03750 
A 130 CI 1 07 LL 2*25000 
130 C1112 UL •02500 
A 140 Cll 13 UL •25000 
A 141 C1I14 LL •01675 
142 C1II6 BS •22229 
A 143 C1140 LL •26250 
144 CI213 LL •00750 
145 CI214 LL •00375 
146 C12I6 LL •00375 
147 C12I6 BS •10954 
A 146 CI22I UL •56250 
140 CI240 LL •01675 
A ISO CI307 LL *46675 
A 1S1 C1316 UL •07000 
152 C1340 BS •13395 
153 C1407 BS •0/635 
A 154 CI426 LL •05250 
A 155 C 1507 LL •11625 
156 CI540 BS •00421 
A 157 C1607 LL •10500 
A 156 C1626 UL •17500 
A 159 C 1726 LL •22500 
160 CI740 BS •004*1 
161 C1604 UL •36125 
162 C19I5 es •14790 
A 163 C 1921 UL 32.00000 
164 C2009 UL 1•46675 
165 C2010 UL 2.03125 
166 C2021 as 340*11132 
167 C2022 BS 4*03746 
A 166 C2023 LL •37500 
169 C210S UL !4«01500 
A 170 C2I0T LL 7.50000 
A I7| C2I06 UL 31*25000 
172 C2109 UL •46675 
173 C2110 UL 1.14375 
A S7* C2III LL ..33750 
175 C2II2 • UL •54 375 
A 176 C2115 LL •04SC0 
• LOSER UNIT. • •UPPER LI»KT« •RECUCEO COST* 
•01500 •02500 59*60051-
.02250 •03750 59*60051— 
.46500 •97000 • 
•66250 1*43750 • 
•01125 •01675 59*60051-
•01500 •02500 59.60051-
•01675 •03125 56*50525— 
•0750& •12500 59*60051-
•01675 •03125 59*60051-
•53500 1.07000 • 
1*69125 2.61675 . 
•03750 •06250 59 *60051 — 
2*25000 3*75000 
•01500 •02500 3*09525 
•15000 •25000 
•01675 •03125 
•20000 •40000 • 
•26250 •43750 • 
•00750 •01250 22.97666-




•01675 •03125 22 * -4786b— 
•46675 •76125 
•03500 •07000 • 
•11250 • 16750 • 
•05250 •06750 • 
•05250 •06 750 • 
•11625 •19375 • 
•00375 •00625 
•1C500 •17500 • 
•10500 •17500 • 
•22500 •37500 • 
•00375 •00625 • 
•22675 •36125 1*60157 
•11250 •16750 
'9*20000 32.00000 
•66125 1 *46675 13*66692 
1*61675 3*03125 ,9.60426 
204*37500 340*62509 • 
3*62500 6*37500 • 
•37500 *62500 • 
6.41000 14*01500 • 36169 
7*50000 12*50000 • 
16.75000 31*25000 
.26125 *46675 13o68692 
•66625 1 *14375 9*60426 
•33750 •56250 • 
•32625 •54375 3*09525 
•04500 •07500 . 
B A R  FOOC ®E8 
NUOBEfi .COLUMN. AT •  •  .ACT IVITV••• 
ITT C2122 UL 56*25000 
178 C2123 UL 11*87500 
1 79 C2140 UL 322*66235 
1 80 C22 05 UL *40625 
181 C2208 UL 3 .12500 
182 C2209 UL •350C0 
183 C2210 UL •85625 
184 C2211 BS 1*17402 
185 C2215 LL •05625 
186 C2221 UL 28.750 00 
167 C2305 UL •40625 
188 C2338 UL •31250 
109 C2309 UL *13125 
190 C2310 UL *31250 
191 C2311 UL •06250 
192 C2315 UL *03125 
193 C2321 UL 5.31250 
194 C2322 BS *71612 
195 C2406 LL 27.79000 
196 C24I7 LL •22125 
197 C2427 BS 762*63359 
198 C2430 LL •1875C 
199 C2437 es .74995 
200 C2439 US 46.14130 
201 C2508 UL 2*00000 
202 C2528 LL 1*72500 
203 C2529 LL .73125 
204 C2530 LL *15750 
205 C2531 as 7.B2463 
206 C2608 UL 2.00CCO 
207 C262B LL 6.56250 
208 C2629 UL 1*21875 
209 C2630 LL *10750 
210 C263I es 1*06493 
211 C2708 UL 18*75000 
212 C2721 UL 87 *50000 
213 C2720 BS 656*30359 
214 C2807 UL 3C0.0CCC0 
215 C2R08 UL 18.75000 
216 C282I UL 37.50000 
217 C2829 BS 40*43903 
218 C2830 UL 9*37500 
219 C283I es 40 *86044 
220 C 2632 LL 19.76250 
221 C2c*J3 os  29.85075 
222 C2B34 bs  2*46454 
223 C3B3S UL 2*68750 
224 CS90Q UL 3*06250 
225 C^914 LL •08625 
226 C2928 LL 16*46249 
227 C2930 LL 1.43625 












• 18750 *31250 
*07075 *13125 
*18750 *31250 
*03750 *06 250 




























19* 76250 32*93750 
19*68750 32*81250 
1 .65000 2.75000 
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are presented in this appendix. The effects of variations in the 
availability are given in Table C-2 to C-5. In Table C-2, the results 
are given for the menhaden availability variations. These availability 
was changed from 937 pounds to 2365 pounds per acre per year. The 
effects of variations in white shrimp availability are given in Table 
C-3 and these values were changed from 25 pounds to 73 pounds per acre 
per year. The blue crab availability was varied from 5.5 pounds to 
\ 
19.8 pounds per acre per year. The results of these variations are 
tabultated in Table C-4. The effects were also examined for the 
variations in the availability of land area suitable for recreational 
activities. The results of this analysis are presented in Table C-5. 
As shown in this table the availability of land was varied from 13.61 
acres to 45.90 acres in the region. 
In addition to the above case studies, the effects of variations 
in the dock-side price of oyster and menhaden were also studied. The 
results of these studies are given in Table C-6 and C-7. As shown 
in Table C-6, the dock-side price of oyster was changed from 12 cents 
to $1.02 per pound and that of menhaden was changed from 1.3 cent to 
6.7 cents per pound. The results of dock-side price variations in 
menhaden are presented in Table C-7. 
As discussed earlier, crab industry has three types of processing 
activities. The price variations in each type of product were examined. 
As shown in Table C-8, the price of C-FFCM was changed from 46 cents to 
$4.05 per pound. The price of C-SP was varied from 18 cents to $1.52 
per pound and the results of these variations are given in Table C-9. 
The effects of C-OTH price variations are given in Table C-10 and its 
TABLE C-2 
Effects of Variations in Landings of Menhaden on Income and on 
Commercially Important Variables, Barataria Bay, Louisiana 
Optimal Values Initial New Optimal Values 
Landing lbs/acre 1298.00 937.00 1115.50 1294.00 1472.50 1650.90 1829.4 2007.9 2186.40 2364.9 
























































































Effects of Variations in Landings of White Shrimp on Income and on 
Commercially Important Variables, Barataria Bay, Louisiana 
Optimal Values Initial New Optimal Values 
Landing lbs/acre 38.67 25.20 31.20 37.10 43.10 49.00 55.00 60.90 66.90 72.80 







































































































Effects of Variations in Landing of Blue Crab on Income and on 
Commercially Important Variables, Barataria Bay, Louisiana 
Optimal Values Initial New Optimal Values 
Landing lbs/acre 9.82 5.50 7.30 9.10 10.90 12.70 14.50 16.20 18.00 19.80 




























































































Effects of Variations 
Recreation on Income and 
TABLE C-5 
in Availability of Land Area Suitable for 
on Recreational Activities, Barataria Bay, Louisiana 
f 
j Optimal Values Initial New Optimal Values 
1 
Area acres 35.00 13.61 18.15 22.68 27.22 31.76 36.29 40.83 45.37 49.90 
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Effects of Variations in Dock-Side Price of Oyster on Income and cm Commercially 
Important Variables, Barataria Bay, Louisiana 
Optimal Values Initial New Optimal Values 
Dock-Side Price $/II 0.43 0.12 0.24 0.35 0.46 0.57 0.68 0.80 0.91 1.02 
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Effects of Variations in Dock-Side Price of Menhaden on Income and 
on Commercially Important Variables, Barataria Bay, Louisiana 
r ... . 
Optimal Values Initial New Optimal Values 
Dock-Side Price $/lb 0.035 0.013 0.020 0.027 0.033 0.040 0.047 0.054 0.061 0.067 
| Income $/acre 345.42 317.17 326.70 335.43 344.15 352.88 361.61 370.33 379.06 387.79 















C-FFCM 0.71 0.71 
C-SP 0.45 0.45 — 
C-OTH 8.66 8.66 —*-
! Consumption 


































Visitors Fishing 1.96 1.96 
for Boating 0.45 0.30 — 
' Recreation Skiing 0.30 0.45 
jpersons/acre Swimming 0.60 0.60 
TABLE C-8 
Effects of Variations in Price of C-FFCM (Crab - Fresh and Frozen Cooked Meat) 
on Income and on Commercially Important Variables, Barataris Bay, Louisiana 
Optimal Values Initial New Optimal Values 
Price $/lb 1.79 0.46 0.91 1.36 1.80 2.25 2.70 3.15 3.60 
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Effects of Variations in Price of C-SP (Crab - Specialities) on Income and on 
Commercially Important Variables, Barataria Bay, Louisiana 
Optimal Values Initial New Optimal Values 
Price $/lb 0.77 0.18 0.35 0.52 0.68 0.85 1.02 1.19 1.30 1.52 
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Effects of Variations in Price of C-OTH (Crab - Others) on Income and on 
Connnercially Important Variables, Barataria Bay, Louisiana 
Optimal Values Initial New Optimal Values 
Price $/lb 0.105 0.034 0.056 0.078 0.101 0.123 0.146 0.168 0.191 0.213 



















































































price was changed from 3.5 cents to 21.3 cents per pound. As shown in 
these tables the price variations in any of the crab products did not 
effect the landing of any species or their distribution. 
For the shrimp industry, there were nine types of processing 
activities. The effects of price variations are shown in Table C-ll 
for S-PR whose price was varied from 19 cents to $1.53 per pound. The 
prices of S-PC and S-BRC were changed from 66 cents to $3.80 and from 
19 cents to $1.53 per pound of respective product. The results of 
these variations are given in Table C-12 for S-PC and in Table C-13 
for S-BRC. In Table C-14, the effects of price variations in S-SP 
are presented. The price of S-SP was changed from 20 cents to $1.68 
per pound. For S-RC and S-SPC, the prices were changed from 32 cents 
to $2.76 and from 47 cents to $4.10 per pound of respective product. 
The results of these variations are given in Table C-15 for S-RC and 
in Table C-16 for S-SPC. In Table C-17, the effects of price variations 
in S-SD are shown. The price of S-SD was varied from 37 cents to 
$3.19 per pound. The price of S-OTH was changed from 10 cents to 77 
cents per pound as shown In Table C-18. The effects of these changes 
are given in that table. 
The expenditure was changed for various type of recreators as the 
change in expenditure would change the income of the region. The net 
income of the region from the sport-fisherman was changed from $14 to 
$109 per acre per year. The effects of these variations are given in 
Table C-19. Similarly the income from visitors coming for water skiing 
and beach swimming was changed from $10 to $82 and from $5 to $37 per 
acre per year respectively. The results are presented in Table C-20 
for water skiing activity and in Table C-21 for beach swimming activity. 
TABLE Oil 
Effects of Variations in Price of S-PR (Shrimp - Peeled Raw) on Income and 
on Commercially Important Variables, Barataria Bay, Louisiana 
Optimal Values Initial New Optimal Values 
Price $/lb 0.77 0.19 0.35 0.52 0.69 0.86 1.03 1.19 1.36 1.53 
Income $/aere 345.42 344.97 345.10 345.23 345.36 345.49 345.62 345.81 346.03 345.24 
Oyster 114.21 114.21 
Landing 
Menhaden 1298.00 1298.00 
W. Shr imp 38.67 38.61 
. lbs/acre 
J 3. Shrimp 46 40 i 46.40 —*• 
i 
i 
Blue Crab 9.82 i 
i 
9.82 
! C-FFCM 0.71 i i 0.71 
i C-SP 0.45 i 0.45 
C-OTH 8.66 i 8.66 
! Consumption 
S-FFRH 38.61j i 38.61 38.10 
S-PR 0.77 i 
• 0.77 1.30 
: of Fish by 







» 0.48 , 
j lbs/acre 
S-RC 14.93 14.93 
S-SPC 0.06 0.06 
S-SD 0.83 0.83 
S-OTH 24.39 24.39 
Visitors Fishing 1.96 1.96 
for Boating 0.45 0.30 
Recreation Skiing 0.30 0.45 
persons/acre Swimming 0.60 0.60 
TABLE C-12 
Effects of Variations in Price of S-PC (Shrimp - Peeled Cooked) on Income and 
on Commercially Important Variables, Barataria Bay, Louisiana 
Optimal Values Initial New Optimal Values 
Price $/lb 2.04 0.44 0.86 1.28 1.70 2.12 2.54 2.96 3.38 3.80 


















































































Effects of Variations in Price of S-BRC (Shrimp - Breaded Raw and Cooked) on Income 
and on Commercially Important Variables, Barataria Bay, Louisiana 
Optimal Values Initial New Optimal Values 
Price $/lb 0.80 0.19 0.35 0.52 0.69 0.86 1.03 1.19 1.36 1.53 
























































































Effects of Variations in Price of S-SP (Shrimp - Specialities) on Income and 
on Commercially Important Variables, Barataria Bay, Louisiana 
Optimal Values Initial New Optimal Values 
Price $/lb 0.89 0.20 0.39 0.57 0.76 0.94 1.13 1.31 1.50 1.68 




















































































Effects of Variations in Price of S-RC (Shrimp - Regular Canned) on Income and 
on Commercially Important Variables, Barataria Bay, Louisiana 
Optimal Values Initial New Optimal Values 
Price $/lb 1.49 0.32 0.62 0.92 1.23 1.53 1.83 2.14 2.44 2.74 
Income S/acre 345.42 334.37 337.58 341.53 346.05 350.56 355.07 359.58 364.09 368.61 





vJ. Shr imp 










; C-FFCM 0.71 0.71 —»-
, C-SP 0.45 0.45 
• C-OTH 8.66 8.66 
l 
: Consumption 













































Visitors Fishing 1.96 —- 1.96 
for Boating 0.45 0.30 
i Recreation Skiing 0.30 0.45 
Ipersons/acre Swimming 0.60 0.60 
TABLE C-16 
Effects of Variations in Price of S-SPC (Shrimp - Specialities Canned) on Income 
and on Commercially Important Variables, Barataria Bay, Louisiana 
Optimal Values Initial New Optimal Values 
Price $/lb 2.21 0.47 0.93 1.38 1.83 2.29 2.74 3.19 3.65 4.10 
| Income $/acre 345.42 345.32 345.34 345.37 345.40 345.42 345.44 345.46 345.49 345.52 
Oyster 114.21 114.21 
Landing 
lbs/'acre 
Menhaden 1298.00 1298.00 









1 C-FFCM 0.71 0.71 — 
1 C-SP 0.45 0.45 
| 
C-OIH 8.66 8.66 
Consumption 
































Visitors Fishing 1.96 1.96 i-» . 
for Boating 0.45 0.30 —*-
Recreation Skiing 0.30 0.45 
persons/acre Swimming 0.60 0.60 -*• 
TABLE C-17 
Effects of Variations in Price of S-SD (Shrimp - Sun Dried) on Income and on 
Commercially Important Variables, Barataris Bay, Louisiana 
Optimal Values Initial New Optimal Values 
Price $/lb 1.75 0.37 0.72 1.08 1.43 1.78 2.14 2.49 2.84 3.19 
Income $/acre . 345.42 344.52 344.70 344.87 345.16 345.45 345.75 346.04 346.33 346.63 







Menhaden 1298.00 1298.00 -*» 










C-FFCM 0.71 0.71 —*~ 
j C-SP 0.45 ~+— 0.45 -•+-! 
i C-OTH 8.66 8.66 
j Consumption 





























S-SD 0.83 0.48 0.48 0.48 0.83 
S-OTH 24.39 24.93 
Visitors Fishing 1.96 1.96 
for Boating 0.45 0.30 
Recreation Skiing 0.30 0.45 
persons/acre Swimming 0.60 0.60 — 
TABLE C-18 
Effects of Variabions in Price of S-OTH (Shrimp - Others) on Income and on 
Commercially Important Variables, Barataria Bay, Louisiana 
Optimal Values Initial New Optimal Values 
Price $/lb 0.40 0.10 0.19 0.27 0.35 0.44 0.52 0.61 0.69 0.77 













































































Effects of Variations in Net Income of Region From Expenditure of a Recreator Visiting 
for Salt-Waters Sport Fishing on Income and on Recreational Activities, Barataria Bay, 
Louisiana 
Optimal Values Initial New Optimal Values 
Net Income $/acre 61.54 13.00 25.00 37.00 49.00 61.00 73.00 85.00 97.00 109.00 






W. Shr imp 










































































Effects of Variations in Net Income of Region From Expenditure of a Recreator Visiting for 
Water Skiing on Income and on Recreational Activities, Barataria Bay, Louisiana 
Optimal Values Initial New Optimal Values 
Net Income $/lb 42.40 10.00 19.0C 28.00 37.00 46.00 55.00 64.00 73.00 82.00 








. Shr imp 











































































Effects of Variations in Net Income of Region From Expenditure of a Recreator Visiting for 
Beach Swimming on Income and on Recreational Activities, Barataria Bay, Louisiana 
Optimal Values Initial New Optimal Values 
Net Income $/lb 18.26 5.00 9.00 13.00 17.00 21.00 25.00 29.00 33.00 37.00 









is1. Shr imp 






































































£ 1.96 0.30 0.45 
0.60 
APPENDIX D 
BIOLOGICAL ENERGY FLOW ANALYSIS: METHODOLOGY, AND PROGRAM AND RESULTS 
The biological energy flow model was developed based on the biolo­
gical energy flow diagram given in Chapter III. This model analyzes 
the energy flows among 38 species of this ecosystem. The value of 
flows change when the area of marsh and/or water was changed. The 
methodology used in this analysis is given in this appendix. Also 
the program used is listed followed by the results obtained for 
various cases. 
Methodology 
There are forty variables in the energy flow model. These forty 
variables are listed in Appendix A. A box-diagram of the system is 
shown in Figure D-l. As shown in this figure, total energy input 
(Ij), into any species is equal to the energy taken from any of the 
other species (y^j) plus the energy imported from gult (G.) and the 
energy from sun (S^, for primary producers). The total energy leaving 
the species (0^) is equal to the sum of the energy from the species 
to other species (y^.) system, plus the energy going into gulf 
(G^) and plus the amount of energy lost by respiration (Rp. For 
subscript i or j is equal to forty, the value of y is described as 
flow from or to Gulf (G^ or G^). Subsequently the equations for in­
coming energy can be written as follows. 
1^ = ytj + S. for i and j = 1, 2, ...40. (D-l) 
As described earlier a new set of transfer coefficients (t^.), are 











1 Biological Species 














Figure D-l A Box-Diagram of System For Biological Energy 
Flow Analysis 
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divided by the total incoming energy into the jth species (*j)* Mathe­
matically this can be written as follows. 
fcij = yij/Xj (D-2) 
Substituting the value of y from Equation D-2 into Equation D-1, we 
get, 
I. = t. . I. + S, /ri o\ 
3 iJ J j (D-3) 
The Equation D-3 can be rewritten as, 
(1 - t ) I. - S. .. 
ij J J (D-4) 
or I. = (1 - t^)"1 S. % (D-5) 
where i and j = 1, 2, ...40. 
From Equation D-5, if elements of inverse matrix and vector S. 
are known, one can calculate values of 1^. This concept was used in 
the energy flow analysis. 
Now when areas of marsh and water changed, the energy input from 
sun to the primary producers would change in proportion to the area. 
So providing these new values of sun energy, S ̂, one can evaluate the 
new values of I . For this it was assumed that distribution of energy 
is always in the same proportion as that in the base case. Consequent­
ly the values of transfer coefficient t.. would remain constant for 
ij 
all case studies. Now knowing new values of I. and constant t,., 
J  i j  
the values or status of individual energy flows, j> could be evalu­
ated using Equation D-2. In the following section, the program is 
presented for this analysis followed by the results for each case. 
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Program and Results 
The program used for this analysis is listed in Listing D-l. The 
energy flow data were same for the base case and all other cases 
and they were also used in linear programming analysis. These data 
are given in Table A-6 of Appendix A. The values of incoming sun 
energy was different for each case and these data are given in Table 
D-l. As described earlier, the values of transfer coefficients were 
constant throughout the analysis. These values are presented in 
Table D-2. In Table D-3, the values are given for energy flows, 
when the marsh area was increased and water area was decreased. 
When the percentage of marsh and water area was 25 percent and 75 per­
cent respeceitvely, the values of energy flows were different. These 
values are given in Table D-4. The values of energy flows are given 
in Table D-5 for no marsh-grass case due to natural disaster and those 
for elimination of marsh are tabulated in Table D-6. 
LISTING D-l 
Listing of Program, Subroutines, and Data Input 
Used in Biological Energy Flow Analysis 
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AA(J« I )=-AC< I .J)*B(J. 1 ) / (2.471*33 .  1 )  MAIN 730 
IFCI.EQ.J)AA(J.I)=0.0 MAIN 740 
80 CONTINUE MAIN 750 
CALL PRINTCNST.AA.B.3) MAIN 760 
************ SUMMARY FOR FINAL VALUES MAIN 770 
W R ITE (  6.  50 1 )  MAIN 780 
IXE=(NST+1)/2 MAIN 790 
*fRITEC6» 1 002 )  (  HE AO (  I  ) .1 = 1.20) MAIN 800 
00 500 11=1,IXE MAIN 810 
J J= I I+IXE MAIN 820 
B( 11.  1 )=BC 11.1)/(2.471*3 3.1) MAIN 830 
B(JJ. 1)=B<JJ.11/(2.471*33.1> MAIN 840 
500 WRITE(6.502)I I .BCI I • I )•JJ,B{JJ,1) MAIN 850 
00 90 I -1« 50 MAIN 860 
90 B(I .1>=0.0 MAIN 870 
IFtND «EQ.5)G0T0999 MAIN 880 
IFLAG=3 MAIN 890 
DO 70 1=1.NST MAIN 900 
DO 70 J—1•NST MAIN 910 
70 A(I»J)=ACC I*  J) MAIN 920 
GOTO13 MAIN 930 
999 CALL EXIT MAIN 9 40 
5 FORMATC15) MAIN 950 
102 FORMAT! 11.  14.15.F10.4) MAIN 960 
1001 FORM AT(20A4) MAIN 970 
399 FORMAT( 1H1.8C/) ,  48X.•BIOLOGICAL ENERGY FLOW DATA*) MAIN 980 
499 FORMAT( 1H1.8C/)*46X«•CALCULATED CONSTANT COEFFICIENTS*) MAIN 990 
501 FORMATC1H1,8C/).37X.•SUMMARY OF BIOLOGICAL ENERGY FLOW VALUES*) MAIN1000 
502 FORMAT(22X.2(10X.I2.6X.E12.5))  MAIN1010 
551 FORMATC1H1,8(/) .45X.•STATUS OF BIOLOGICAL ENERGY FOLWS*) MAIN1020 
701 FORMAT( 1H1// /5X, 'DATA INPUT*//1OX •*NST = • , I3/y) MAINI 030 
702 FORMAT( lOX.•AX( * , I  2.* .• ,12.  • )  = * .  E12. 4 )  MAIN1040 
703 FORMATSlOX,*BX(•.12,*.42) = • ,E12. 4) MAIN1050 
70* FORMAT C 10X,* SUNC41,*.12.•)  =*,E12 .4)  MAIN10 60 
1002 FORMATC16X.20A4) MAIN1070 
END MAIN1080 
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SUBROUTINE SIMEQN<N,A,B.M) S IME 10 
c SI ME 20 
c SIME 30 
c MATRIX INVERSION WITH ACCOMPANYING SOLUTION OF LINEAR EQUATIONS SIME 40 
OIMENS ION A(50.50),B(50.1). IPIVOT(SO).INDEX<5 0,2) SIME 50 
EQUIVALENCE ( IR0W.JR3W), ( ICOLUM,JCOLUM). (AMAX,T,SWAP) S IME 60 
c SIME 70 
c IN IT IAL I2ATI0N SIME 80 
c S IME 90 
5 ISCALE=0 SIME 100 
6 Rl =10.0**18 SIME 110 
7 R2=l.0/ft1 SIME 120 
10 DETERM=1.0 S IME 130 
15 DO 20 J—1 ,N SIME 140 
20 IPIVOTt J )=0 SIME 150 
30 00 550 1=1,N SIME 160 
c S IME 170 
c SEARCH FOR PIVOT ELEMENT SIME 180 
c SIME 190 
40 AM AX= 0.0 S IME 200 
AS 00 105 J=1 •  N SIME 210 
50 IF (  IPIV0T(J)-1)60,105,60 SIME 220 
60 00 100 K=1 *N SIME 230 
70 IF ( IPIVOT(K)-l)aO.100,740 SIME 240 
80 IF (ABS(AMAX)-ABS( AC J,K)))85.100. 1 00 S IME 250 
85 IROW=J S IME 260 
90 IC0LJM=K SIME 270 
95 AMAX=A( J.K) SIME 280 
100 CONTINUE SIME 290 
105 CONTINUE SIME 300 
IF (AMAX)110,106«110 SIME 310 
106 DETERM=0,0 SIME 320 
ISCALE=0 S IME 330 
GO TO 740 S IME 340 
110 IP1VOT(ICOLUM)=IPIVOT( ICOLUM)-*-!  SIME 350 
c SIME 360 
r o  .  
o 
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Sun Energy Data Input For Various Cases 
n 







No Marsh Catastrophe 
phytoplankton 292.00 219.00 365.00 584.00 292.00 
benthic macrophytes 32.15 24.11 40.19 64.30 32.15 
benthic diatoms 305.50 229.13 381.88 611.00 305.50 
spartina 4200.00 5250.00 3150.00 0.00 0.00 
epiphytic algae on 
spartina 
14.50 18.13 10.88 0.00 14.50 
epiphytic algae on 
marsh 
14.50 18.13 10.88 0,00 14.50 
275 
TABLE D-2 
Constant Values of Transfer Coefficients Used 
in Biological Energy Flow Analysis 
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OUTPUT CONTINUED FOR... 
CASE I I  INCREASE IN MARSH AREA 
11 12  13  14  15  
1  0 .0  0 .0  0 .0  0 .0  0 .0  
2  0 .0  0 .0  c .o  0 .0  0 .0  
3  0*0  0 .0  0 .0  0 .0  0 .0  
4  0 .473  0 .225  0 .0  0 .0  0 .0  
5  0 .047  0 .024  0 .171  0 .038  0 .  095  
6  3 .019  0 .0  0 .647  0 .054  0 .108  
7  0 .329  0 .0  0  .0  0 .0  0 .0  
8  0 .0  0 .0  0 .0  0 .0  0 .0  
9  0 .004  0 .009  0 .017  0 .026  0 .  0  
10  0 .017  0 .021  0 .085  0 .021  0 .0  
11  0 .0  0 .020  0 .204  0 .025  0 .0  
12  0 .0  0 .0  0 .010  0 .005  0 .0  
13  0 .0  0  .0  0 .0  0 .0  0 .  0  
14  0 .0  0 .0  0 .0  0 .0  0 .0  
15  0 .0  0  .0  0  .0  0 .0  0 .  0  
16  0 .0  0 .0  0 .0  0 .0  0 .0  
17  0 .0  0 .0  0 .0  0 .0  0 .0  
18  0 .0  0 .0  0 .  0  0 .0  0 .0  
19  0 .0  0 .0  0 .0  0 .0  0 .112  
20  0 .0  0 .0  0 .0  0 .0  0 .0  
21  0 .427  0*413  0 .0  0 .0  0 .057  
22  0 .930  0 .0  0 .  0  0 .0  0 .070  
23  0 .047  0*0  0 .0  0 .0  0 .023  
24  0 .0  0 .0  c .o  0 .0  0 .0  
25  0 .0  0  .0  0 .0  0 .0  0 .  0  
26  0 .0  0 .0  0 .0  0 .0  0 .0  
27  0 .0  0 .0  0 .0  0 .0  0 .0  
28  0 .0  0 .0  0 .0  0 .0  0 .0  
29  0 .0  0 .0  0 .0  0 .142  0 .0  
30  0 .089  0 .219  0  .0  0 .065  0 .0  
31 0 .0  0 .0  0 .0  0 .0  0 .0  
32  0 .0  0 .0  0 .0  C.O 0 .0  
33  0 .0  0 .0  C.  0  0 .0  0 .0  
34 0.0  0 .0  0 .0  0 .  142  0 .0  
35  0 .0  0 .0  0 .0  0 .0  0 .0  
36  0 .0  0 .0  0 .0  0 .0  0 .0  
37  0 .0  0 .0  0 .0  0 .0  0 .0  
38  0 .0  0 .0  0 .0  0 .0  0 .0  
39  0 .0  0*0  0 .0  0 .0  0 .0  
40  0 .  146  0 .015  0 .024  0 .0  0 .005  
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0. 0 
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0 . 0  
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0 . 0  
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0 .0  
0 .369  
0  . 0  
0 .0  
0 .0  
0 .0  
0 .0  
0  . 0  
0 .0  
0 .0  
0 .  0  
0 .0  
0 .0  
0 .0  
0 .0  
0 .0  
0 .875  
0 .0  
18  
0 .0  
0.0 
0 .0  
0 .640  
2  1  .821  
0 . 0  
0 . 0  
0 . 0  
0.418  
0 .455  
0 .204  
0 .083  
0 .036  
0.0 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
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SUMMARY OF  B IOLOGICAL ENERGY 
CASE I I  INCREASE IN  MARSH AREA 
1  0 .23507E+03  21  
2  0 .16932E+03  22  
3  0 .53244E+01  23  
4  0 .32284E+02  24  
5  0 .95945E+02  25  
6  0 •  18058E+02  26  
7  0 .50333E+03  27  
8  0  . 16218E+03  28  
9  Q .20917E+01  29  
10  0 •39025E  +0  1  30  
1  1  0 .552  96E+01  31  
12  0 .94550E+00  32  
13  0 .11579E+01  33  
14  0 .51921E+00  34  
15  0  . 47026E+00  35  
16  0»11260E+01  36  
17  0 .  12437E+01  37  
18  0 .23657=•02  38  
19  0 .241  lOE- t -02  39  
20  0  . 26763E+03  40  
VALUES 
0 .65271E+03  
0 .47176E+02  
0 .93993E+01  
0 .52500E+04  
0 .19844E+02  
0 .19844E+02  
0 .87P00E+03  
0 •92804E  +03  
0 .60373E+02  
0 .19939E+02  
0 .61877E+02  
0  .  35586E+02  
0 .32515E+02  
G .27251E+01  
0 .33319E+01  
0 .68122E+00  
0 .75000E+00  
0 . I 0  342E+01  
0 .32500E+02  
0 .39253E+03  
TABLE D-4 
Values of Biological Energy Flows for the Case of 
Decrease in Harsh Area 
STATUS OF  3 I0L0GICAL  ENERGY FOLWS 
CASE I I I  DECREASE IN  HARSH AREA 
1  2  3  4  5  6  7  8  9  10  
1  0 .0  19 .132  0 .0  25 .920  14 .219  0 .0  106 .372  37 .029  0 .0  0 .0  
2  0 .0  0 .0  4 .676  0 .0  0 .  0  9 .351  53 .769  19 .638  0  . 0  0 .0  
3  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  2  . 338  0 .0  0 .0  0 .0  
4  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  
5  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  
6  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  7o  726  0 .0  0  . 0  0 .0  
7  0 .0  127 .231  0 .0  13 .084  0 .0  6 .091  0 .0  0 .0  0 .0  0 .0  
8  13 .932  2 .322  0 .0  0 .0  0 .0  0 .0  46 .440  0  . 0  0 .0  0 .0  
9  0 .0  0 .0  0 .0  0 .  0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  
10  0 .0  0 .0  0 .0  0 .0  0 .0  0 .  0  0 .  0  0  . 0  0  . 0  0 .0  
1  1  0 .0  0 .0  0 .0  0 .  0  0 .0  0 .0  2 .942  0 .0  0 .0  0 .0  
12  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  
13  0 .0  0 .0  0 .0  0 .0  0 .  0  0 .0  0 .612  0 .0  0 .0  0 .0  
14  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0  . 061  0 .0  0 .0  0 .0  
15  0 .0  0 .0  0  . 0  0 .0  0 .0  0 .0  0 .  168  0 .0  0 .0  0 .0  
16  0 .0  0 .0  0 .0  0 .0  0 .0  0 .  0  0 .109  0 .0  0 .0  0 .0  
17  0 . 0  0 .0  0 .0  0 .0  0 .  0  0 .0  0 .0  0 .0  0  . 0  0 .0  
18  0 .0  0 .0  0 .  0  0 .322  0 .0  0 .  0  0 .0  0 .0  0  . 0  0 .0  
19  0 .0  0 .0  0 .0  0 .0  0 .0  0 .  0  0 .0  0 .0  0 .0  0 .0  
20  0 . 0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  1 .452  2 .996  
21  0 .0  0 .0  0 .0  0 .0  1  1  . 780  0 .0  10 .509  26 .271  0 .394  0 .962  
22  0 .0  0 .0  0 .0  0 .0  0 .346  0 .0  0 .0  2 .674  0  . 299  0 .733  
23  0  . 0  0 .0  0 .0  0 .0  0 .345  0 .  0  0 .0  0 .265  0 .111  0 .265  
24  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  27 .750  0 .0  0 .0  
25  0 .0  0 .0  0 .0  0 .0  0 .  0  0 .0  0 .0  1 .229  0 .0  0 .0  
26  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  1 .229  0  . 0  O .C  
27  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0  . 0  11 .250  0 .0  0 .0  
28  0 .0  0 .0  0 .0  0 .0  0 .0  0 .  0  182 .724  11 .420  0 .0  0  . 0  
29  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  1 .866  0 .0  0 .0  
30  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0  . 0  0 .0  
31  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  
32  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  
33  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  
34  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0  . 0  0 .0  0 .0  0 .0  
35  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  
36  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  
37  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0  . 0  0 .0  
38  0 .0  0 .0  0 .0  0 .0  0 .0  0 .  0  0 .0  0  . 0  0  .6 0 .0  
39  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  
40  0  . 0  0 .0  0 .0  0 .0  79 .664  0 .0  0 .0  0 .0  0 .502  0 .323  
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OUTPUT CONTINUED FOR. . .  
CASE I I I  DECREASE IN  MARSH AREA 
21  22  23  24  25  
1  0 . 0  0 .0  0 .  0  0 .0  0 .0  
2  0 .0  0 .0  0 .0  0 .0  0 .0  
3  0  . 0  0 .0  0 .0  0 .0  0 .0  
4  26 .635  0 .0  0 .0  0 .0  0 .0  
5  50 .891  0 .0  0 .0  0 .0  0 .  0  
6  0 .0  0 .0  0 .0  0 .0  0 .0  
7  155 .880  0 .0  0  . 0  0 .  0  0 .  0  
8  9 .288  0 .0  0 .0  0 .0  1 .486  
9  1 .308  0 .0  0 .0  0 .0  0 .0  
10  2 .593  0 .0  0 .0  0 .0  0 .0  
11  0 .0  0 .0  0 .0  0 .0  0 .0  
12  0 .459  0 .0  0 .0  0 .0  0 .0  
13  0 . 0  0 .0  0 .0  0 .0  0 .0  
1  4  0 . 0  0 .0  0  . 0  0 .0  0 .0  
15  0  . 0  0 .0  0 .0  0 .0  0 .0  
16  0 .0  0 .0  0 .0  0 .0  0 .  0  
17  0 . 0  0 .0  0 .0  0 .0  0 .0  
18  0 . 0  0 .0  0 .0  0 .0  0 .0  
19  32 .002  0 .0  0 .0  0 .0  0 .0  
20  336 .636  6 .300  0 .618  0 .0  0 .0  
21  0 .0  47 .289  9 .983  0 .0  0 .0  
22  24 .599  0 .0  0 .0  0 .0  0 .0  
23  4 .505  0 .636  0 .0  0  «  0  0 .0  
24  0 .0  0 .0  0 .0  0 .0  0 .  0  
25  0 .0  0 .0  0 .0  0 .0  0 .0  
26  0 .0  0 .0  0 .0  0 .0  0 .0  
27  52 .500  0 .0  0 .0  0 .0  0 .0  
28  22 .840  0 .0  0 .0  0 .0  0 .0  
29  0 .0  0 .0  0 .0  0 .0  0 .  0  
30  2 .513  0 .0  0 .0  0 .0  0 .  0  
31  0 .0  0 .0  0 .0  0 .0  0 .0  
32  0 .0  0 .0  0 .0  0 .0  0 .  0  
33  0 .0  0 .0  0 .0  0 .0  0 .0  
34  0 .0  0 .0  0 .0  0 .0  0 .0  
35  0 .0  0 .0  0 .0  0 *0  0 .0  
36  0 .0  0 .0  0 .0  0 .0  0 .0  
37  0 .0  0 .0  0 .0  0 .0  0 .  0  
38  0 .0  0 .0  0 .0  0 .0  0 .0  
39  0 .0  0 .0  0  . 0  0 .0  0 .0  
40  0 .0  0 .0  0 .0  0 .0  0 .0  
26  27  28  29  30  
0 .0  0 .0  0 .0  0  . 0  0 .0  
0 .0  0 .0  0 .0  0 .0  0 .468  
0 .0  0 .0  0 .0  0 .0  0  . 0  
0 .0  0 .0  0 .0  0 .0 ,  0 . 0  
0 .0  0 .0  0 .0  0 .0  0 .0  
0 .0  0 .  0  0 .0  0  . 0  0 .0  
0 .0  0  . 0  0  . 3  0 .0  5 .604  
1  . 486  0 .0  5 .759  0 .0  0 .0  
0 .0  0 .0  0 .0  0 .0  0 .0  
0 .0  0 .0  0 .0  0  . 0  0 .0  
0 .0  0 .0  0 .0  0 .0  0 .0  
0 .0  0 .0  0 .0  0 .0  0 .0  
0 .0  0 .0  0 .0  0  . 0  0 .0  
0 .0  0 .0  0 .061  0 .0  0 .  0  
0 .0  0 .0  0 .0  0 .0  0  . 0  
0 .0  0 .0  0 .109  0 .0  0 .0  
0 .0  0 .0  0 .225  0  . 0  0 .0  
0 .0  0  . 0  0 .0  0 .0  0 .0  
0 .0  0 .0  0 .0  0 .0  0  . 0  
0 .  0  0 . 0  0 .0  0  . 0  0 .0  
0 .0  0 .0  0 .0  0  . 0  0 .0  
0 .0  0 .0  0 .0  0  . 0  0 .0  
0 .0  0 .0  0 .0  0 .0  0 .0  
0 .  0  522 .000  0  . 0  0 .0  0 .  187  
0 .0  0 .0  1  . 767  0  . 749  0 .  192  
0 .0  0  . 0  6 .721  0 .749  0 .  192  
0 .0  0 .0  458 .250  0 .0  0  . 0  
0 .0  0 .0  0 .0  35 .631  5 .710  
0 .0  0  . 0  16 .718  0 .0  1 .459  
0 .0  0  . 0  6 .875  0 .0  0 .0  
0 .0  0 .0  19 .751  0  . 0  0  . 0  
0 .0  0 .0  10 .4C4  0 .0  0 .0  
0 .0  0 .0  10 .659  0  . 0  0 .0  
0 .0  0 .0  0 .849  0 .0  0 .0  
0 .0  0 .0  0 .971  0 .0  0 .0  
0 .0  0 .0  0 .228  0 .0  0 .0  
0 .0  0 .0  0 .232  0  . 0  0 .0  
0 .0  0 .0  0 .  190  0 .0  0  . 0  
0 .0  0 .0  9 .375  0 .0  0 .  0  
0 .0  0 .0  21  . 204  0 .0  0  . 0  
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OUTPUT CONTINUED FOR. . .  
CASE IV  EL IM INAT ION OF  MARSH AREA 
31  32  33  34  35  
1  0 .0  0 .0  0 .0  0 .0  0 .0  
2  0 .0  0 .0  0 .0  0 .0  0 .0  
3  0 .0  0 .0  0 .0  0 .0  0 .  0  
4  0 .0  0 .0  0 .0  0 .0  0 .0  
5  0 .0  0 .0  0 .0  0 .0  0 .0  
6  0 .0  0 .0  0 .0  0 .0  0 .0  
7  0 .0  0 .0  0 .0  0 .0  0 .0  
8  0 .0  0 .0  0 .0  0 .0  0 .0  
9  0 .0  0 .0  0 .0  0 .0  0 .0  
10  0 .0  0 .0  0 .0  0 .0  0 .0  
11  0 .0  0 .0  0 .0  0 .0  0 .0  
12  0 .0  0 .0  0 .0  0 .0  0 .0  
13  0 .0  0 .0  0 .0  0 .0  0 .0  
14  0 .0  0 .0  0 .0  0 .  0  0 .0  
15  0 .0  0 .0  0  . 0  0 .0  0 .0  
16  0 .0  0 .0  0 .0  0 .0  0 .0  
17  0 .0  0 .0  0 .0  0 .0  0 .0  
18  0 .0  0 .0  0 .0  0 .0  0 .0  
19  0 .0  0 .0  0 .0  0 .0  0 .0  
20  0 .0  0 .0  0 .0  0 .0  0 .0  
21  0 .0  0 .0  0 .0  0 .0  0 .0  
22  0 .0  0 .0  0  eO 0 . 0  0 .0  
23  0 .0  0 .0  0 .0  0 .0  0 .0  
24  0 .0  0 .0  0 .0  0 .0  0 .  0  
25  0 .550  0 .0  0 .0  0 .0  0 .0  
26  0 .093  0 .0  0 .0  0 .0  0 .0  
27  0 .0  0 .0  0 .0  0 .0  0 .0  
28  1 .8  13  1  . 196  1 .191  0 .100  0 .098  
29  0 .046  0 .  110  0 .0  0 .0  0 .025  
30  0 .0  0 .0  0 .0  0 .0  0 .0  
31  0 .0  0 .0  0 .0  0 .0  0 .0  
32  0 .0  0 .0  0 .0  0 .0  0 .0  
33  0 .0  0 .0  0 .0  0 .0  0 .0  
34  0 .0  0 .0  0 .0  0 .0  0 .0  
35  0 .0  0 .0  0 .0  0 .0  0 .0  
36  0 .0  0 .0  0 .  0  0 .0  0 .0  
37  0 .0  0 .0  0 .0  0 .0  0 .0  
38  0 .0  0 .0  0 .0  0 .0  0 .0  
39  0 .0  0 .0  0 .0  0 .0  0 .0  
40  0 .0  0 .0  0 .0  0 .0  0 .0  
36  37  38  39  40  
0 .  0  0 .0  0 .0  0  . 0  44 .169  
0 .0  0 .0  0 .0  0 .0  12 .958  
0 .0  0  . 0  0 .0  0 .0  0 .0  
0 .  0  0 . 0  0 .0  0  . 0  0 .0  
0 .  0  0 . 0  0 .0  0 .0  0 .362  
0 .0  0 .0  0 .0  0 .0  0 .0  
0 .0  0 .  0  0 .0  0  . 0  27 .421  
0 .0  0  . 0  0 .0  0 .0  35 .759  
0 .0  0 .0  0 .0  0  . 0  0 .023  
0 .0  0 .0  0  . 0  0 .0  0 .  080  
0 .0  0 .0  0 .0  0 .0  0 .323  
0 .0  0 .0  0 .0  0 .0  0 .027  
0 .0  0 .0  0 .0  0 .0  0 .138  
0 .0  0 .0  0 .0  0 .0  0 .0  
0 .0  0 .0  0 .0  0  . 0  0 .007  
0 .0  0  . 0  0 .0  0 .0  0 .0  
0 .0  0 .0  0 .0  0  . 0  0 .0  
0 .0  0 .0  0  . 0  0 .0  0 .0  
0 .0  0 .0  0 .0  0  . 0  0 .0  
0 .0  0  . 0  0 .0  0 .0  0 .0  
0 .  0  0 .0  0 .0  0 .0  320 .259  
0 .0  0 .0  0 .0  0 .0  0 .0  
0 .0  0 .0  0 .0  0 .0  0 .0  
0 .0  0  . 0  0 .0  0 .0  0 .0  
0 .0  0 .0  0 .0  0  . 0  0 .0  
0 .0  0 .0  0 .0  0 .0  0 .0  
0 .0  0 .  0  0 .0  0  . 0  0 .0  
0 .0  0  . 0  0 .0  0 .0  0 .0  
0 .  0  0 .0  0 .0  0  . 0  0 .0  
0 .0  0 .0  0 .0  0 .0  0 .0  
0 .002  0 .0  0 .004  0 .0  0 .0  
0 .010  0 .0  0 .023  0 .0  0 .0  
0 .012  0 .0  0 .  003  0 .0  0 .0  
0 .0  0 .0  0  . 002  0 .0  0 .0  
0 .001  0 .  0  0 .006  0  . 0  0 .0  
0 .0  0 .0  0 .0  0 .0  0 .0  
0 .  0  0 .0  0 .0  0 .0  0 .0  
0 .0  0 .0  0 .0  0 .0  0 .  000  
0 .0  0 .0  0 .0  0 .0  0 .0  
0 .0  0 .0  0  . 0  0  . 0  0 .0  
vO 
o> 
SUMMARY OF  B IOLOGICAL ENERGY 
CASE IV  EL IM INAT ION OF  MARSH AREA 
1  0 .59473E+03  21  
2  0 .11773E+03  22  
3  0 .37023E+01  23  
4  0  . 49890E  +  02  24  
S  0 .12197E+03  25  
6  0 .11518E+02  26  
7  0 .27  942E+03  27  
8  0 .  10828E  +  03  28  
9  0 .37582E+01  29  
10  0 .73402E+01  30  
11  0 .50065E+01  31  
12  0 .  10430E+01  32  
13  0 .  10434E  +  01  33  
14  0 .22317E+00  34  
15  0 .69390E+00  35  
16  0  .  96025E  —01  36  
17  0 .  0  37  
18  0 .30646E+02  38  
19  0 .64300E+02  39  
20  0 .67949E+03  40  
VALUES 
0 .  82  754E+03  
0 .64798E+02  
0 .12403E+02  
0 . 0  
0 .11443E+01  
0 .11443E+01  
0 .0  
0 .33993E+02  
0 .22620E+01  
0 .46190E+01  
0 .25022E+01  
0 .13060E+01  
0 .1191CE+01  
0 .99816E—01  
0 .12260E+00  
0 .25118E-01  
0 . 0  
0 .38124E—01  
0. 0 
0 .44152E+03  
TABLE D-6 
Values of Biological Energy Flows for the 
Case of Catastrophe (No Marsh-Grass) Due to Natural 
Man-Made Disaster 
STATUS OF  B IOLOGICAL ENERGY FOLWS 
CASE V  CATASTROPHE OF  SPARTINA 
1  2  3  4  5  6  7  8  9  1 0  
1  0 . 0  1 5 . 0 3 3  0 . 0  2 0 . 3 6 8  1 1 . 1 7 3  0 . 0  8 3 . 5 8 6  2 9 . 0 9 7  0 . 0  0 . 0  
2  0 . 0  0 . 0  1 . 9 3 5  0 . 0  0 . 0  3 .  8 7 0  2 2 . 2 5 1  8 .  1 2 6  0  . 0  0 . 0  
3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 9 6 7  0 . 0  0 . 0  0 . 0  
4  0 . 0  0 . 0  0 . 0  0  . 0  0 . 0  0 .  0  0 . 0  0  . 0  0  . 0  0 . 0  
5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
6  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 .  0  3 . 0 2 7  0 . 0  0  . 0  0 .  0  
7  0 . 0  4 5 . 5 3 5  0 . 0  4 . 6 8 3  0 . 0  2 .  1 8 0  0 . 0  0 . 0  0 . 0  0  . 0  
a  5 . 7 6 0  0 . 9 6 0  0 . 0  0 . 0  0 .  0  0 .  0  1 9 . 2 0 0  0  . 0  0 . 0  0 . 0  
9  0 . 0  0 . 0  0 .  0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0  . 0  0 . 0  
1 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 .  0  0 . 0  0 . 0  
1 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 .  0  1  . 4 2 6  0  . 0  0 . 0  0 . 0  
1 2  0 . 0  0  . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
1 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 2 9 6  0 . 0  0  . 0  0 . 0  
1 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 1 9  0 . 0  0 . 0  0 . 0  
1 5  0 . 0  0 . 0  0 * 0  0 . 0  0 . 0  0 .  0  0 . 1 0 6  0  . 0  0 . 0  0 . 0  
1 6  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 1 5  0 . 0  0  . 0  0 . 0  
1 7  0 . 0  0 . 0  0 .  0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0  . 0  0 . 0  
1 8  0 . 0  0 . 0  0 . 0  0 .  1 8 9  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  OnO 
1 9  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 .  0  0 . 0  0  . 0  0 . 0  0 . 0  
2 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 .  0  0 . 0  o . o  1  .  1 4 2  2 . 3 5 7  
2 1  0 . 0  0 . 0  0 . 0  0 . 0  6 . 8 3 5  0 . 0  6 . 0 9 7  1 5 . 2 4 3  0 . 2 2 9  0 . 5 5 8  
2 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 2 1 0  0 . 0  0 . 0  1 . 6 1 6  0 . 1 8 1  0 . 4 4 3  
2 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 2 0 4  0 . 0  0 . 0  0 .  1 5 7  0 . 0 6 6  0 .  1 5 7  
2 4  0 . 0  0  . 0  0 . 0  0 . 0  0 . 0  0 . 0  OcO 0 . 0  0 . 0  0 . 0  
2 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  1 . 5 0 2  0  . 0  0 . 0  
2 6  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 * 0  C.O 1 . 5 0 2  0 . 0  0 . 0  
2 7  0  . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
2 8  0 . 0  0 . 0  0 . 0  0 . 0  0 .  0  0 . 0  1  1  . 0 9 6  0 . 6 9 3  0 -0 0 . 0  
2 9  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 .  0  0 .  0  0 . 2 3  1  0 oO 0 . 0  
3 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  o . o  0 .  0  0 . 0  0 . 0  
3 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0  . 0  
3 2  0 . 0  0  . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
3 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0  . 0  0 . 0  
3 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
3 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0  . 0  0 . 0  0 . 0  
3 6  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 .  0  0 . 0  0 . 0  0  . 0  0 . 0  
3 7  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
3 8  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
3 9  0 . 0  0 . 0  0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 .0 0 . 0  
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CASE V  
SUMMARY OF  B IOLOGICAL ENERGY FLOW VALUES 
ASTROPHE OF  SPARTINA 
1  0 .29776E+03  21  
2  0 .61528E+02  22  
3  0  •  19348E+01  23  
4  0 .25240E+02  24  
5  0 .61986E+02  25  
6  0  . 60496E+01  26  
7  0 .  14808E+03  2  
8  0 .58137E+02  2b  
9  0 .18920=+01  29  
10  0 .36909E+0  1  30  
11  0 .25791E+01  31  
12  0 .53737E+00  32  
13  0 .S3  768E  +  00  33  
14  0 .12S83E+00  34  
IS  0 .35095E+00  35  
16  0 .96792E-01  36  
17  0 .0  37  
18  0 .15566E+  02  38  
19  0 .32150E+02  39  
20  0 .34016E+03  40  
0 .41928E+03  
0 .32770E+02  
0 .62782E+01  
0.0 
0 .15114E+02  
0 .15114E+02  
0 . 0  
0 .34639E  +02  
0 .39943E+01  
0 .31720E+01  
0 .10425E+02  
0 .14132E+01  
0 .12136E+01  
0 .10171E+00  
0 .14364E+00  
0 .31125E—01  
0.0 
0  .  54555E—01  
0.0  





SYSTEM SIMULATION DATA AND PROGRAM 
This appendix gives the listing of the data and program used for 
the system simulation. The base case data are presented in Table E-1. 
These data include air and water temperature in degrees centigrade, 
salinity in parts per thousand (ppt), and shrimp productivity in 
pounds per acre (Ref. 5.15, 5.16, 5.17, 5.18, 5.19, 5.20, 5.21). 
As shown in the table, these data are reported monthly for 1969. These 
data were used to develop three mathematical submodels. One of the 
submodels was to predict water temperatures from air temperatures. 
The other submodel was to estimate shrimp productivity based on water 
temperature, while the third submodel was to compute percent survival 
at given salinity and water temperature. 
For the simulation program, the macro-flow chart is given in Figure 
E-1, and the explanation and use of various subroutines are given in 
Table E-2. The format used for data input is tabulated in Table E-3. 
The program and the subroutines are listed in Listing E-1 followed by 
the input data list and the output table. The Statistical Analysis 
System (SAS) is listed in Listing E-2 along with the data used in the 
analysis. This system was used to develop two of the three mathematical 
submodels described in the previous paragraph. As described earlier, 
one of the submodels was to estimate the shrimp productivity based on 
water temperatue, and the other submodel was to predict percent sur­




Base Case Data of Temperature, Salinity, Survival, and Shrimp Production 
for Barataria Bay, Louisiana (for 1969 year) 
Month 
Temperature ° C I Salinity Shrimp Productivity 
lbs/acre Air Water ppt 
January 13.46 12.92 11.02 0.534 
February 14.02 14.07 8.69 0.534 
March 16.92 17.47 9.48 1.602 
April 21.77 22.17 11.00 13.920 
May 25.12 25.98 13.40 78.770 
June 27.77 28.65 12.19 26.700 
July 28.88 29.73 11.09 10.680 
August 28.66 29.47 12.12 5.340 
September 27.57 27.73, 16.17 2.140 
October 23.29 23.25 18.19 1.600 
November 19.19 18.45 17.79 1.070 











Temp using Air Temp 
Predict Survival(7,) (* 
given vftter temp 
••Unity(using eqn.) 
BASIC 
data: Air Tenp 
Water Teraj 
Cooae Randomly air 
temp & sal for given 
Donth... 
Arrange data in 
Normal Distribution 
form.... 
Predict Cross Shrimp 
Prod.(using eqn.) 
based on Water Temp. 
Computer net shrimp 
prod, based on vater 
tenp & salinity.. 
Compute seasonal catch 
and analyaa results 
statistically.. 
Compute monthly avg. 






Figure E-1 Macro-Flow Chart for Simulation 
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TABLE E-2 
Explanation and Use of Subroutines Used in Simulation Program 
BASIC Reads data needed to establish Mathematical Model to calculate 
water temperature using air temperature 
MODEL Performs statistical analysis for the relationship obtained 
between water temperature and air temperature 
LSFIT Establishes Mathematical relationship between water temperature 
and air temperature using Least Square Curve Fit technique. 
GENRN Generates Random numbers 
SNDND Converts Standard Normal Deviation data into Normal Deviation 
at the given values of mean and standard deviation 
CSTAT Calculates mean and variance at each iteration 
OUT Prints final Results in a tabular form 
TABLE E-3 . 
Input Format for the Simulation Program 
Variable Format Field Comment 
System Input: 
SND(I) 8F10.4 One hundred standard normal 
distribution data 
AIRT(I) 8F10.4 Twelve (monthly) air temp­
erature data 




8F10.4 Allowable standard deviation 
for temperature and salinity 
respectively 
Basic Input: 
NO 15 Number of data points 
Ml 15 Number of desired parameters 
in the model 
ART(I) 8F10.4 Air temperature data 
WTl(I) 8F10.4 Water temperature data 
LISTING E-l 
Listing of Program, Subroutines, Data Input, and Output of 





30 c SALINITY AS INPUT VARIABLES 
COMMON SND(101 ) » A I  RT ( 13) .SALY(13)•RT( 10 1 ).RSL(101 )» MAIN 40 
* SAVG( 13)*CAVG(13 ).SGMS( 13).SGMC( 13) • MAIN 50 
* CUMSRP ( 13 ) «CUMCAT( 13)» MAIN 60 
* WTR(13)*SWP(13)*SSP( 13)* SG WT(13) *SGSW(13) .  SGSP( 13 ) M AI N 70 
CCVMON SSM AT » SGMASL MAIN SO 
D I  MENS ION URT (50 1 ) «SRT (501 ).  SRS( 50 1).SR(501),S*CT(501) MAI N 90 
DINENSICN C1(7) MAIN 100 
c CI = CONSTANT COEFF. CF THE TEMP. MODEL MAIN 11 0 
c AIRT = MONTHLY AVERAGE AIR TEMP. MAIN 120 
c SALY = MONTHLY AVERAGE SALINITY MAI N 130 
c RT = NORMAL RECTANGULAR VAR I  ATE OF TEMPERATURE MAIN 140 
c RSL = NORMAL RECTANGULAR VARIATE OF SALINITY MAIN 150 
c VI = RUNNING S.D. FCR SHRIMP PROD. MA IN 160 
c V2 = RUNNING S.D. FOR SHRIMP CATCH MAI N 1 70 
c CUM1 - RUNNING CUMMULATIVE FOR SHRIMP PROD. MAIN 180 
c CUM2 -  RUNNING CUMMULATIVE FOR SHRIMP CATCH MAI N 190 
c SR = SHRIMP PRODUCTION. ITERATIVE MAIN 200 
c SRCT = SHRIMP CATCH. ITERATIVE MAI N 21 0 
c SI = RUNNING MEAN FOR SHRIMP PRODUCTION MAI N 220 
c CT = RUNNING MEAN FOR SHRIMP CATCH MAIN 230 
c WRT = ITERATIVE WATER TEMP. CALCULATED FROM *13 DEL MAIN 240 
c SRT = ITERATIVE SSIMP PROD. W.R.T. TEMP. CALCULATED FROM MODEL MAIN 250 
c SRS = ITERATIVE SRIMP PROC. W.R.T. SALINITY CALCULATED FROM MODEL MAIN 26 0 
c SAVG = MONTHLY AVERAGE SHRIMP PRODUCTION MAIN 270 
c CAVG = MONTHLY AVERAGE SHRIMP CATCH MA IN 280 
c SGMS = MONTHLY S.D. FOR SHRIMP PROD. MAIN 290 
c SGMC = MONTHLY S.D. FCR SHRIMP CATCH MAIN 300 
c CUMSRF = CUMMULATIVE* MGNTH MISE SHRIMP PROD. MAIN 310 
c CUMCAT = CUMMULATIVE* MONTH tf ISE SHRIMP CATCH MAI N 32 0 
c MPAR = NO. CF PARAMETERS CESIREC IN THE MODEL.. MAIN 330 
c MAIN 340 
c COMPUTE THREE MOCELS... TO.. MAIN 350 




c 1. CALCJ LATE WATER TEMP. FROM AIR TEMP. MAIN 370 
c 2. CALCULATE SHRIMP PROD. BASED ON MATER TEMP. MAIN 380 
c 3. CALCULATE SHRIMP PROD. BASED ON SALINITY MAIN 390 
c MAIN 400 
CALL BA S IC ( C 1 .  M3  AR ) MAIN 41 0 
c MAIM A OA 
c READ CATA MAI N 430 
c MAIN 440 
RE ADC 5. 10 1 ) ( SSD ( I) .1 = 1.100) MAIN 450 
10 1 FOR MAT(«F10.4) MAIN 460 
RE AD(5*101 ) (A IRT ( I  ) ,1=1,12) MAIN 470 
READ(5•101)<SAL Y(I).1=1.12) MAI N 480 
c SGMAT = ALLOWABLE SIGMA FOR TEMP. MA IN 490 
c SGMASL = ALLOWABLE SIGMA FOR SALINITY MAI N 500 
READ(5.101 )SGMAT,SGMASL MAIN 510 
c NIT= MAXIMUM NUMBER OF ITERATIONS MAIN 520 
READ ( 5.102) NI T MA IN 530 
1 02 FORMAT( 15 ) MAI N 54 0 
c IX = IN IT I  ALE VALUE FOR RANDOM GENERATION MAIN 550 
c I  D I  STY = DISTANCE COUNTER MAIN 560 
I  X=65 532 MA IN 570 
ID 1ST =0 MAI N 580 
CU MSRP (1)=0. MAIN 590 
CUM CAT(1)=0. MAIN 600 
51 ID IST = IDIST+1 MA IN 610 
M0NTH=0 MAI N 62 0 
52 M0NTH = MCNTH+1 MAIN 630 
c 1TRN = IT3 AT ION COUNTER. TOTAL 500.. MAIN 640 
c MONTH -  MONTH COUNTER... MA IN 650 
c XMM.XMN2. = MEAN VALJE MAI N 660 
c VAR1.VAR2. = SIGMA VALUE MAIN 670 
c ATMN = MEAN TEMP. (AIR) MAIN 680 
c SLMN = MEAN SALINITY MA IN 690 
c RV = RECTANGULAR VARIATE MAI N 700 
c RR=1.RR=2. V RANDOM RECTANGULAR VARIATE MAIN 710 
c KRRV1 .KRRV2. = INTEGER RRV MAIN 72 0 
1 TRN= 0 










ATMN= AIRT(MONT H) 
SLMN=SALY( MONTH) 
0 0  10  1 = 1 . 1 0 0  
RV=SND(1) 




10 RSLCI )=RV 
C 
C 
C START 500 ITERATION 
c 
53 ITRN=ITRN+1 
SRS(ITRN) = 0. 0 




C CHCOSE VALUE RANDOMLY FOR SIMULATION 
C 















MAIN 84 0 
MAI N 850 
MA IN 860 
MAI N 870 
MAIN 880 
MAIN 890 
MA IN 900 
MAI N 9fi 0 
MAIN 920 
MAI N 93 0 
MAIN 9 40 
MAI N 950 
MAIN 960 
MAIN 970 
MA IN 980 
MAI N 990 
MAIN1000 
MA INI 0 10 














CALCULATE WATER TEMP. AND Sl-R IMP PROD. FROM THREE MODELS.. 
WRT(ITRN)=0. 
DO 110 J=1.MPAR 
110 WRT< ITRN)=WRT( ITRN)+Cl (J)*TMP#»(J- 1 ) 
XWRT = WRT( ITRN) 
COMPUTE SHRIMP PROD. BASED CN TEMP. 
I  F ( MONTh.LE .4 )S YT= EXP (-2 • 71 15-0 .  218 I  *XWRT+O. 0157#X WRT*X WRT ) 
IF(MONTH .GT. 4 .ANC. MONTH.LE.7)SYT=62.5211-2.0687*XWRT 
I  F(MONTH .  GT .7 )SYT=EXP(-5. 15 31+ 0. 1 575'M XWRT) ) 
SRT( ITRN)=SYT*8. 92* 
SR 1 = SRT(ITRN) 
IF(XWRT.LT.7.0 ) IRT= 1 
IF(XWRT.GE.7.0 .ANC. XWRT i .T.IS.O) XRT=2 
IF(XWRT.GE.15.0.ANC. xwrt.LT.30.0)IRT=3 
IF (XWRT.GE.30.0)IRT = 4 
GO TO(21.22*23.24).IRT 
21 SURV= 0.0 
***»TCO LOW TWMP. ***** 
GO TO 25 




GO T02 5 
23 IF(SAL .LE. 7.0)GC TO 231 
SURV=91.46543+0.22766#SAL 
GO TO 25 
231 SURV=-3.14634+13.5122*SAL 
GO TO 25 
24 SURV=11.9 3314+1.57336*SAL+0.019 48*SAu **2. 
MA INI 090 
MAIN1100 




MAI Nil SO 
MA INI 160 
MAIN1 170 
MAIN1130 
MA INI 190 
MAIN1200 
MAI N1 210 
MAI N122 0 
MAIN1230 
MAI N1240 
MA INI 250 
MAI N1260 
MAIN1270 




MAI N1 320 
MAIN1330 
MAIN1340 
MA IN 1350 
MAI N1 360 
MAIN1370 
MAIN1380 




MA INI 430 
MAI N144 0 
to 
co 
c o n t i  n u e  
IFtSURV .GT.100.0)SURV=100.0 
SRS(ITRN)=SJRV 
NET PRCD. AFTER SALINITY CORRECTION. 
SR2=SR1 *( SliRV/100. 0) 
SRP=SR2 
IF(MONTH.LE. 4 .OR. MONTH .GE. 10 
DURING OPEN SEASON... 
CATCH=0.3 *SRP 
GO TO 15 
..DURING CLOSE SEASCN... 




CHECK CN ITERATIONS... 
IF(IT RN .LE. NIT)GO TO 53 
PERFORM STAT IS I  
CALL CSTATtNlT. 
CALL CSTATtNlT. 
CALL CSTAT t NIT« 
CALL CSTATtNlT, 






XMN2 »VAR 2•SRC T) 
M TR= 
SWP= 
MONTHLY AVG. WATERR TEMP 




MA IN 143 0 
MAIN1490 
MAIN1500 





MA IN 1560 
MAI N1 570 
MA IN 1580 
MAINl590 
MA INI600 




MAINl 65 0 
MAINI 660 
MAIN1670 





























SSP= MONTHLY AVG. 
SGWT=S. D. FOR WTR 
SGSW=S«D• FOR SWP 
SGSP=S.D. FOR SSP 
V»TR (M0NTH)=XMN3 
SWP( MCNTH) = XM>J4 
SSP(MCNTH)=XMN5 
S AVG(MCKTH)=XMN1 
CA VG(MONT H)=XMN2 
SGWT(MONTH)=VAR3 
SGSW(*ONTH)= VAR4 
SGSP( NCNTH) = VAR5 
SGMS(MONTH)=VARl 
SGMC< MCNTH) =VAR2 
CALCULATE CUMMUL AT IVE VALUES FOR MCNTHLY CYCLES. 
MONTHl=MONTH-l 
IF(MONTH .GT. 1)GO TO 16 




C LMCA T(MONTH)=CJMCAT CMCNTH1 ) + XMN2 
CHECK MONTHLY CYCLES... 
IF(MONTH .LT. 12) GO TO 52 
VARIOUS DISTANCE VALUES ARE NOT USED... 























m a i n 2 0 0 0  
m a 1 n 2 0 1 0  


















SUBROUTINE BAS I  C ( CI .  MPAR ) BASI 10 
DIMENSION CI(7) « ART(50).WT1<50) BASI 20 
c CI = CONSTANT COEFF. IN THE MODEL EQUATION BASI 30 
c ART = AIR-TEMPERATURE BASI 40 
c WT1 = WATER TEMPERATURE W.R.T. ART BASI 50 
c BASI GO 
c READ CATA USED FCR EASE OF SIMULATION BASI 70 
c BASI 80 
READ (5. 10 l)NO BASI 90 
101 FORMA T( 15 ) BASI 1 00 
READ!5,101)M1 BASI 110 
MPAR=M1+1 BASI 120 
READ(5.10 2)(ART(I)«1=1.NO) BASI 130 
READ<5»102 M WT1< I )  .  1=1.NO) BASI 140 
102 FORMAT(8F10.4) BASI 150 
c 3 AS I  160 
c ATNN = KIAN. AIR TEMPERATURE DATA BASI 170 
c W1HS = MEAN. WATER TEMP. DATA W.R.T. AIR TEMP. BASI 1 80 
c RAW = CORRELATION COEFF. FOR AIR-WATER TEMP. BASI 190 
c SDAW = STANDARD DEVIATION FOR AIR-WATER TEMP. BASI 200 
c CAW = COR.COEFF. FOR AIR-WATER TEMP.,EQUATION BASI 210 
c COMPUTE THE MODELS... BASI 220 
c BASI 230 
CALL PCDEL(ART.WT1.CI.ATMN.W1MN.RAW.M1.SDAW.CAW.NO) BAS I  240 
c BASI 250 
RETURN BASI 260 
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SUEROUTINE LSFIT(X«Y.NUMBER.M,C) LS=  I  10 
c LSF I  20 
c LSF I  30 
c LEAST SCUARE CURVE FITTING OF ANY ORDER POLYNOMIAL LSF I  40 
c OF ORDER ECUAL TO OR LESS T FA N 10 LSF I  50 
c LSF I  60 
c LSF I  70 
c LSF I  80 
c NUMBER IS THE ACTUAL NUMBER OF X-Y OATA PAIRS* .MAXIMUM OF 200 LSF I  90 
c M IS THE DEGREE CF THE POLYNOMIAL..MAX IMUM OF 10 LSF I  100 
c N IS THE NUMBER CF EQUATIUNS(=M+1> LSF I  110 
c X.Y IS THE ARRAY FOR THE DATA PAIRS LSr I  120 
c A IS THE ARRAY FCR THE SUM. WHICH BECOME THE COEFFICIENTS OF THE LSF I  130 
c UNKNOWN IN THE SIMULTANEOUS EQUATIONS. LSF I  140 
c B IS THE ARRAY FCR THE CONSTANT TERMS IN THE SIMULTANECUS EQUATIONLSFI 150 
c C I S  T H E  A R R A Y  F C R  T H E  U N K N O W N S .  W H I C H  B E C O M E  T H E  C O E F F I C I E N S  I N  LS- I  160 
c THE PCLYNOMIAL. LSF I  170 
c P IS THE ARRAY FOR THE POWERS OF THE X( I)  • FROM 1 TO 2M. LSF I  180 
c LSF I  190 
DIMENSICN X(50 ),Y(50)«A(7,7).B(7),C(7)•P( 20) . LSF I  200 
c LSFI 210 
MX2=M*2 LSF I  220 
DO 13 1= 1 »MX2 LSFI 230 
PCI)= C.0 LSFI 240 
00 13 J=l. NUMBER LSFI 230 
FOWE R = I  LSFI 260 
13 P( I  > = P(I )+X(J)••POWER LSFI 270 
c LS=I 280 
c LSFI 290 
c DEVELOPING THE COEFFICIENTS AND THE CONSTANT TERMS CF THE NORMAL LSFI 300 
c EQUATIONS. LSFI 310 
c LSFI 320 
c LSF I  33 0 
N=M + 1 LSFI 340 
DC 30 1=1, N LSFI 350 
DO 30 J=1.N LSFI 360 
to 
vo 
K=I+J-2 LSFI 370 
IF(K)29,29.28 LSFI 380 
28 A(I * J) = P( K ) LSFI 390 
GO TO 3 0 LSFI 400 
29 A< 1 .1 )= NUMBER LSFI 410 
30 CGNTINUP LSFI 420 
E( 1 )=0. LSFI 430 
DC 21 J=l,NUMBER LSFI 440 
21 B( 1 )=B ( 1) + Y(J) LSFI 450 
00 22 1=2, N LS=I 460 
B ( I )  = 0. LSFI 470 
00 22 J=1 .NUMBER LSFI 480 
22 B ( I  ) = B< I  )+ V C J) *X { J) **( 1-1 ) LSFI 490 
LSFI 500 
PIVOTAL CONDENSATION LSF I  510 
LSFI 52 0 
NMl=N-l LS- I  530 
00 30 0 K= 1 «NM1 LSFI 540 
KP1=K+1 LSFI 550 
L=K LSFI 560 
00 400 I  =KP1 » N LSFI 570 
IF (ABS(A(I »K))-ABS(A(L.K >> >400, 400,401 LSFI 590 
401 L=I LSFI 590 
400 CONTINUE LSFI 600 
IF(L-K)5 00*500.405 LS=I 610 
40 5 00 410 J=K*N LSFI 620 
TEMP= A(K. J) LSFI 630 
A { K » J )=A (L.J) LSFI 640 
410 A(L.J)=TEMP LS- I  650 
TEMP=B(K) LSFI 660 
B(K)=B(L) LSFI 670 
B (L)=TEI»P LSFI 680 
LS=I 690 
ELIMI NAT ION .BACK SOLUTION. AND PRINTING RESULTS LSFI 700 
LSFI 710 
500 00 300 I=KF1,N LSFI 720 
FACTORSACI,K)/A(K.K) 
At I  .K )=C. 0 
DO 30 1 J=KP1.N 
301 A(I.J)=A(I.J)—FACTOR#A(K» 
300 L) (  I  > = B< I  >~FACTOR*B(K> 
C(N) = E(N;/A(N,N> 
I=NM1 
710 IPl = I+l 
SUM=0.0 
DO 70 0 J= IP 1 * N 
700 SUM=SUM+A( I  .  J> *C ( J) 
C( I)  = ( B( D-SUMJ/At I .  I)  






















IF (IY .GE. OJfO TO 6 
I  Y=IY +21 474836^7+1 
6 YFL = IY 
YFL=YFL*0.4656612E-9 















SUBROUTINE SNDND(AMEAN,SIGMA,RV ) SNON 10 
RV=AMEAN+(RV#SIGMA ) SNDN 20 
RETURN SNDN 30 




SUBROUTINE CSTAT{NN «XMN,VAR»X > 
PI MENS ICN X(50 1) 




DO 20 1=1,NN 
20 SUM=SUM+(X(I )**1 > 
XMN=SUM/ZN 
DO 30 1=1.KN 
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SZ£ 
1 2  
2  
13.46 14.02 1 6. 92 21 .77 25. 12 
27 .57 23.29 19. 19 13.15 
12.92 1 4. 07 17.47 22.71 25. 9e 
27.73 23.25 1 8. 45 14.32 
0. 075 0.075 0 .075 0 .075 0 .0 75 
0.225 0.225 0.225 0.225 0.375 
0.375 0.375 0.525 0 .525 0. 525 
0.675 0 .675 0. 6 75 0.675 0.825 
0.975 0.975 0.975 0.975 1. 12b 
1 .275 1 .275 1 .425 1 .425 1 .575 
2.025 2.175 -0.075 -0 .075 -0. 075 
0.225 -0 .225 -0.225 -0.225 -0.225 
•0.375 — C. 375 -0„375 -0 .375 -0.525 
•0.525 -0.675 -0.675 -0. 675 -0.675 
0.825 -0.825 -0.975 -0.975 -0.975 
1. 125 -1.275 -1 .275 -1.275 -1.425 
1 .725 -1.875 02 .  C25 -2.175 
13.46 14.02 16.92 21 .77 25. 12 
27.57 23.29 19. 19 13. 1 5 
27.5 24. 0 22 .5 21.0 19.8 
24.1 28.0 30.3 34.5 














-  0.975 
-I .425 
27.77 


































PREDICTION FROM THE SIMULATICN MODEL CF SHRIMP PRODUCTIVITY OF BARATARIA DAY. LOUISIANA 
MONTH .. .MEASLRED DATA... 
AIR SALINITY 
TE VP 














SHR I  MP 
CATCH 
(LBS/ACRE) 
1 13.46 27. 50 13.70 0 .520 0 .036 0. 520 0.036 
2 . 1 4. 02 24.00 14 .30 0 .616 0.043 1 .136 0. 079 
3 16.92 22.50 17.08 1 .381 0 .097 2.516 0.176 
4 21.77 21.00 21 .93 9. 609 0.673 12.125 0.849 
5 25.12 19.80 25.58 82.284 24 .685 94.409 25.534 
e 27. 77 19.00 28.48 30.810 9.243 125 .219 34.777 
7 28. 88 20 .00 29. 81 7.983 2.395 133.202 37.172 
8 28.66 21 .50 29 .44 4.645 1 .394 137.848 38*565 
5 27 .57 24. 10 28.3 0 4 .347 1 .304 142.194 39.869 
10 23.29 28.00 23.55 2.071 0. 145 144.265 40.014 
1 1 19.19 30 .30 19. 35 1 .075 0 .075 1 45.34 0 40.089 
12 1 3. 1 5 34 .50 13 .45 0. 368 0.026 145.708 40.115 
NO. OF ITERATIONS = 250 
S.D. FOR AIR TEMP =0.660 






Listing of the Statistical Analysis System Used to Develop the 
Submodels needed to Simulate Shrimp Productivity in Barataria Bay, Louisiana 
C ST AT I  ST AC AL ANALYSIS PROGRA* AND DATA 
TITLE 'MODEL OF SHRIMP PRODUCTION EASED ON TEMPERATURE' 
DATA BBAY 
INPUT MONTH S 1 SHRIMP 2-10 TEMP 11-20 GROUP 25 
CARDS 
J 0.06 12.92 1 
F 0.06 14.07 I  
M 0.18 17.47 1 
A 1.56 22.71 1 
to 8.85 26.98 1 
W 8.85 25.98 3 
X 3 .  0 28 .65 3 
Y 1.20 29.73 3 
Y 1.20 29.73 4 
Z 0.60 29.47 4 
S 0.24 27.73 4 
0 0.18 23.25 4 
N 0.12 18.45 4 










PROC REGR S USSCP SSCP COV C NOCODE DATA=BBAY 1 
MODEL SHRIMP = TEMP /  P CLM 
MODEL Y1 = XI /  F CLM 
MCCEL Y1 = XI1 /  P CLM 
MODEL SHRIMF = XII X12 /  P CLM 
MODEL Yl = XI 1 XI2 /  P CLM 







PROC REGR S C NOCODE OATA=8BAY3 
MODEL SHRIMP = TEMP /  P CLM 
NCDEL SH HI MP = X3 /  P CUM 
MODEL Y3 = X3 /  P CLM 




Y4=AL0G ( SHR I  MF) 
X4 = ALOG (TEMP) 
X44=TEMP 
X42 =TEMP* TEMP 
PROC PRINT 
PROC REGR S USSCP SSCP COV C NOCOOE OATA=EBAY4 
MODEL SHRIMP = TEMP /  P CLM 
MODEL Y4 = X4 /  P CLM 
MODEL Y4 = X44 /  P CLM 
MODEL SHRIMP=X44 X42 /  P CLM 
PODEL Y4=X44 X42 •  P CLM 
TITLE 'ANALYSIS FOR DATA FROM AUG. TO DEC. • 
DATA SURVL 
INPUT TYPE S 1 YEKP 2-10 SAL 11-20 SURV 21-30 GROUP 35 
CARDS 
A 10.0 0. 0 0.0 1 
A 10.0 3.0 21.0 1 
A 10 .0 6.0 40.0 1 
A 1 0.0 9.0 90.0 1 
A 10.0 IS. 0 98.0 1 
A 10.0 15.0 98 .0 2 
A 10.0 25.0 92.0 2 
A 1 0.0 35.0 85. 0 2 
US 
o 
E 1 8. 0 0.0 0.0 
B 18.0 2. 0 20 .0 
E 18.0 4.0 50.0 
B 18.0 e. 0 78.0 
e 18.0 7.0 93.0 
B 18.0 15. 0 96.0 
B 18.0 25.0 100.0 
B 18.0 35.0 98.0 
C 25.0 7.0 93.0 
C 25.0 1 5. 0 91 .0 
C 25 .0 25.0 100.0 
c 25.0 35. 0 98.0 
D 32.0 0.0 0.0 
D 32.0 2. 0 21 .0 
D 32.0 5.0 31.0 
D 32.0 15.0 38.0 
D 32.0 25 .0 58.0 
















PROC REGR S USSCP SSCP CCV C NOCODE 
MODEL SURV = SAL /  P CLM 
TITLE 'SURVIVAL VS. SALINITY AT TEMP.7-15 C* 
DATA T1 OB 
SET SURVL 
IF GR0UP=2 
PROC REGR S USSCP SSCP COV C NOCODE 
MODEL SURV = SAL /  P CLM 
TITLE 'SLRVIVAL VS. SALINITY 
DATA T18 25A 
SET SURVL 
IF GR0UP=3 
PROC REGR S USSCP SSCP COV C 
MODEL SURV = SAL /  P CLM 




TITLE 'SURVIVAL VS. SALINITY AT TEMP.15-28 C' 
DATA T1825B 
SET SURVL 
IF GROUP =4 
PROC REGR S USSCP SSCP COV C NOCODE 
MODEL SURV = SAL /  P CLM 





PROC REGR S USSCP SSCP COV C NCCOOE 
MODEL SURV = SAL •  P CLM 
MODEL SURV = SAL X32 /  P CLM 
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